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Executive Summary
Food, land, and water systems underpin the health of societies and the environment, yet they are facing 
pressure from climate change, population growth, urbanization, and the overexploitation of natural 
resources. Information and Communication Technologies (ICTs) have the potential to support food, land, 
and water systems in response to these challenges.
Despite the optimism surrounding ICT use in food, land, and water systems, these technologies are not 
currently being used to their full potential. Low technology adoption rates can, in part, be attributed to 
issues of inclusivity and equity, including people’s ability to access, use, benefit from, and produce ICTs for 
food, land, and water systems. Where someone lives within interlocking systems of oppression – such as 
gender, physical ability, age, and race – play a large role.
A feminist approach encourages us to ask three questions about the inclusivity and equity of ICTs for food, 
land, and water systems:
Who benefits from ICTs for food, land, and water systems? Who in this system 
is either overlooked or actively harmed? Digital divides research has probed the 
different factors that shape people’s ability to access (first-level digital divide), use 
(second-level digital divide), and benefit from (third-level digital divide) ICTs.
Who is doing the work in designing and developing ICTs for food, land, and water 
systems and who is not? In addition to who benefits from ICTs for food, land, and 
water systems, we must also look at the methods of production of ICTs to understand 
and challenge how the social relationships in our physical world are being reproduced 
in the digital world. At an individual level, people from dominant groups are more 
likely to be represented in technical and executive roles at technology companies. It 
is also worth noting who – and what – is rendered invisible in innovation processes, 
which speaks to what types of labor are (de)valued: miners and factory workers, and 
low paid contract workers moderating social media content to name a few. At an 
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1 A heuristic function, also simply called a heuristic, is a function that ranks alternatives in search algorithms at each branching step, based on available
 information, in order to ultimately decide which branch to follow.
organizational level, institutions such as governments, companies, and universities 
are best able to harness the benefits of ICTs due to their financial resources, influence, 
and technical expertise. This means ICTs may be more frequently used for the interests 
of dominant groups and institutions than for supporting the needs, values, and 
aspirations of marginalized people. At the national level, many innovation narratives 
characterize the Global North as an innovation hub, with ICTs diffusing to “peripheral” 
regions in the Global South; however, it is important to avoid algorithmic and design 
colonization and recognize that rich digital cultures exist around the world.
Whose goals are represented in ICTs for food, land, and water systems and whose 
are not? Within certain business models, the ICT creators’ goals may be misaligned 
with those of end users including marginalized groups. ICTs also tend to uphold the 
status quo (striving “for good”), rather than promote lasting social change (working 
“toward co-liberation”).
Research into the digital divides has helped unveil many disparities in people’s ability to access, use, and 
benefit from ICTs for development. There are limitations, however, to only thinking about the inclusivity 
and equity of ICTs within the digital divides framework, which, for example, frames ICTs as deterministic 
and universal and also characterizes people as consumers of ICTs, rather than producers, critical thinkers, 
or moral agents. 
When many recommendations emerging from the digital divides framework are top-down, design can 
serve as a complementary bottom-up approach for promoting the inclusivity and equity of ICTs for food, 
land, and water systems – tailoring them, through end user participation and iterative approaches, to better 
fit people’s values, needs, and aspirations. Design had once been applied only to manufacturable, physical 
products, but it is now also applied to market opportunities and product strategy. Some of the most popular 
design methodologies, which are not mutually exclusive, include: design thinking, user-centered design, 
human-centered design, inclusive design, value-sensitive design, and design justice.
Many creators of ICTs for food, land, and water systems focus on heuristic functioning1 and researchers’ 
perceptions of users’ needs, rather than seeking to engage users during the design process. However, the 
importance of usability for the adoption of ICTs for food, land, and water systems is well-documented; and 
user-centered design approaches are shown to improve ICTs’ usability. In particular, research into ICTs for 
development – including for food, land, and water systems – has shown that education level and literacy, 
gender, physical ability, age, race, and prior exposure to ICTs all shape people’s ICT design preferences.
In light of challenges with the adoption of ICTs for food, land, and water systems, user-centered design 
is another tool technologists can use to improve their ICTs – particularly to add inclusivity and equity. 
Of course, people have the right to decide for themselves whether to use ICTs for food, land, and water 
systems. The goal is not to compel everyone to do so. Instead, the goal is to design ICTs that are as useful, 
usable, and inclusive as possible, so people can make an informed choice of whether to use them, rather 
than being excluded by the ICT’s design. To do this, design methodologies need to be adapted to varying 
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cultural contexts, address power asymmetries between technologists and users, and avoid being overly 
prescriptive. In addition, most design methodologies tailor ICTs to the desires of individual end users, rather 
than considering the wellbeing of society. What might more-than-human design look like?
Lack of inclusivity and equity in ICTs for food, land, and water systems has serious implications. It can produce 
a positive feedback loop in which privileged people benefit from ICT use and become more privileged, 
while those marginalized people unable to access ICTs are left behind. Inclusive ICTs increase customer 
engagement, which enables developers to grow a larger customer base. They also promote innovation 
and differentiation and eliminate any costs that would be incurred were a developer add features to make 
the product inclusive after the tool or technology is designed. Inclusive ICTs yield better outcomes for all, 
because everyone’s needs change over time.
The Law of Amplification states that ICTs amplify social forces. Innovators have the choice of amplifying 
inclusion or exclusion, equity or inequities. What social forces should ICTs for food, land, and water systems 
amplify?
9 Promoting inclusivity and equity in information and communications technology for food, land, and water systems
Many governments, international organizations, and donors assert that there is potential for Information and 
Communication Technologies (ICTs) to improve the lives of people in rural, developing regions worldwide 
(UN 2015). The World Bank, for example, describes the ways in which “ICTs help businesses become more 
productive; people find jobs and greater opportunities; and governments deliver better public services to 
all.” (World Bank 2016).
This trend extends to food, land, and water systems – common application areas for ICTs within the 
sustainable development context. Both agriculture and water underpin the health of sustainable societies 
and the environment, but these resources face overexploitation and damage from climate change, 
population growth, and urbanization. In response to these challenges, ICTs can be used to “increase crop 
yields, reduce food losses and make agricultural supply chains more efficient as well as improve food 
distribution and retail.” (FAO 2019) These technologies are also expected to support disaster management, 
weather forecasting, smart cities, land cover mapping, precision agriculture, seasonal forecasting, long-
term trend analysis, and the water-energy-food nexus (Sun 2019). In the words of USAID, “the scale of these 
changes holds out the potential for another agricultural revolution.” (USAID 2018)
Despite the optimism surrounding the use of ICTs in food, land, and water systems, they are not currently 
being used to their full potential. Many smallholder farmers are unable to access ICTs due to poor connectivity, 
an inconsistent power supply or device unavailability, or unaffordability. Furthermore, people who do have 
access to ICTs for agriculture do not always choose to use them. Of the 26 million unique registered users 
in Africa who are reached by at least one digital tool for agriculture, only 11 million remain engaged with 
at least one tool (CTA 2019). Equally concerning is the number of female digital agricultural solution users: 
10% in Senegal, 17% in Ethiopia, 20% in Nigeria, 28% in Kenya, and 30% in Ghana. Low use rates are also 
reported for digital decision-support tools used by agricultural extension agents (Kragt 2014; Oyinbo 2020) 
and agronomic modeling (Prost 2012). 
These numbers suggest that ICTs for food, land, and water systems have room for improvement before 
people will be able to inclusively and equitably benefit from digitalization. This report aims to (1) unpack 
how issues related to inclusion and equity characterize the production and usage of ICTs for food, land, and 
water systems and (2) explore strategies for improving the inclusivity and equity of ICTs for food, land, and 
water systems.
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ICTs are often conceived in terms of a singular technology. This might include a mobile phone, the Internet, 
blockchain, or virtual reality. But ICTs do not have to be constrained to this tech-centric perspective – and 
there is value in conceptualizing ICTs more holistically, beyond the technology itself.
By engaging with the social, cultural, and organizational contexts in which ICTs operate, for example, 
technologists are more encouraged to reckon with issues pertaining to privacy, ethics, bias, uncertainty, 
and trust (Mahyar 2020). This broader conceptualization of ICTs also invites developers to see their value not 
only for technical innovation, but also for social innovation (Winters 2009).
3.1. Conceptualizing ICTs
Several conceptualizations have emerged from different sectors. We provide three examples.
3.1.1. Socio-technical systems
One conceptualization of ICTs, called a “socio-technical system,” arose within the context of organizational 
design. According to the Interaction Design Foundation, socio-technical systems “consider requirements 
spanning hardware, software, personal, and community aspects.” (Interaction Design Foundation 2020) In 
other words, this type of system encourages us to view computing through the lenses of the mechanical 
level of hardware, the information level of software, the cognitive level of the individual, and the economic, 
legal, political, and social lenses of the community in which a given group of technologies are used.
Socio-technical systems emphasize how social and technical factors are interrelated, because each 
component of a socio-technical system can influence and be influenced by each of the others. When 
considered as socio-technical systems, ICTs become an interplay of emotion, values, abilities, logistics, and 
more — thus, decentering technology. 
3.1.2. Digital ecosystem
A second conceptualization of ICTs, called a “digital ecosystem,” is commonly applied by the private sector 
(BCG 2021; Deloitte 2017; McKinsey 2020). While the digital ecosystem does not necessarily decenter 
technology, it does shift the focus away from the technology itself to the networked connections between 
technologies, organizations, and people. 
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Within the international development sector, representatives from the United Nations Environment 
Program have made the case for adopting digital ecosystems thinking, albeit with a technology-oriented 
focus (Campbell 2019). USAID has also adopted rhetoric around digital ecosystems, which it defines as one 
that “comprises stakeholders, systems, and an enabling environment that together empower people and 
communities to use digital technology to access services, engage with each other, and pursue economic 
opportunities.” (USAID 2021) As part of its digital strategy, USAID is completing Digital Ecosystem Country 
Assessments (DECA) (USAID 2020a). In these, it looks at three important issues: (1) digital infrastructure, 
access and use (including digital divides), and last-mile connectivity; (2) digital society and governance 
(including cybersecurity), misinformation, and e-government, and; (3) the digital economy (including 
digital trade), digital talent pool, and the tech start-up environment (USAID 2020b). The United Nations 
Development Program has completed a similar assessment of six countries’ data ecosystems (UNDP 2017). 
Accenture, a multinational technology services company, advocates for the benefits of digital ecosystems 
for development, claiming that they “smash siloes” and “scale multipliers in development.” (Accenture 2017)
3.1.3. Distributed cognition
Another conceptualization of ICTs, called “distributed cognition,” arose within the discipline of cognitive 
science. Distributed cognition considers how human cognition is off-loaded into the environment through 
social and technological means (Hollan 2000; Hutchins 2000). ICTs are often invented to perform some form 
of cognitive labor. Examples include the creation of Wikipedia for storing information, Microsoft Word for 
recording our ideas, and calculators for helping us do math. Thinking along these lines, Steve Jobs referred 
to computers as “bicycles for the mind” – helping us think more efficiently, just as bicycles help humans 
move more efficiently.
At the heart of distributed cognition is the conviction that humans are relying on the Internet for gathering 
information and using calculators for calculations because they see value in delegating tasks we are bad 
at – e.g., memorizing lots of information, performing exact calculations quickly – to machines that are good 
at it, so we can focus on the tasks at which we excel – creativity and problem-solving. In this sense, ICTs 
are assistive tools, augmenting human abilities. The collaboration can be extremely synergistic. One of the 
world’s best chess players competed against a mediocre chess player; both were aided by computers that 
helped them model possible outcomes of each move. The strong human + machine + inferior process was 
beaten by the weak human + machine + superior process, which demonstrates the power of a collaborative 
process over the inherent abilities of either the human or the machine alone (Norman 2013).
Distributed cognition calls attention to the relational interactions between humans and technology – 
thinking of ICTs as augmenting people’s abilities to achieve their goals, rather than developing technology 
for its own sake.
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3.2. ICTs for social change
People believe in ICTs’ potential to promote sustainable development – including agriculture – to varying 






Techno-utopians believe ICTs can effectively solve social issues. This group of people say things 
such as, “If you want to liberate a society, just give them the Internet.” (That’s a direct quote 
from Wael Ghonim, an activist and then-Google Marketing Executive.) They tend to focus on the 
technology itself as solutions to problems. In a 2008 TED Talk about his One Laptop Per Child 
initiative, Nicholas Negroponte urged, “Think of it as inoculating children against ignorance. And 
think of the laptop as a vaccine.”
The skeptics caution society about how technology impacts equality, human cognition, the 
social fabric, human rights in repressive regimes, unintended consequences, and carbon 
emissions. The Internet, which supposedly has the power to liberate a society, according to 
techno-utopians, is just as likely be used by the state to identify protesters, censor free speech, 
and spread propaganda, according to skeptics. 
Contextualists contend the impact of technology depends on context. Of course, this is true, 
but unfortunately, this theory is not very actionable when the primary conclusion is that such 
generalizations are unhelpful. 
Social determinists believe the impacts of technology depend on the people wielding it — in 
particular the intent of the project leaders, implementers, and beneficiaries. 
3.2.1. Social determinism and the Law of Amplification
The term “Law of Amplification” describes how social infrastructure determines whether ICTs catalyze 
positive or negative change. Rather than automatically creating good, ICTs amplify the human factors 
already at play in any given context (Toyama 2015). An educational ICT introduced to a school with dedicated 
students and competent teachers can enhance learning in the classroom, but the same educational ICT 
introduced to a school with less disciplined students and less engaged teachers can distract from learning.
In the words of Toyama, “The right people can work around a bad technology, but the wrong people will mess 
up even a good one.” He argues that, for ICT interventions to be successful at enacting social change, the 
project leaders, implementers, and beneficiaries must have good discernment, intention, and self-control. 
Consequently, a key component of an ICT intervention often involves nurturing the personal development 
of the project’s implementers and beneficiaries. 
The Law of Amplification begs the question: what social forces ought to be amplified by ICTs for food, 
land, and water systems? It speaks to the importance of placing an emphasis on inclusion and equity into 
technology design and development.
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ICTs are increasingly serving as access points to economic opportunity, civic participation, and social 
interactions, and other resources.
Food, land, and water systems are no exception. As of January 2020, GSMA had identified more than 700 
ICTs for agriculture worldwide (GSMA 2020). These generally fall into five use cases: (1) digital agricultural 
advisory services; (2) digital agricultural financial services; (3) agricultural e-commerce; (4) digital 
procurement; and (5) smart farming.
There are abundant examples of these technologies and tools. iCow is a digital agricultural advisory 
service in Kenya, Tanzania, and Ethiopia that sends farmers three SMS messages weekly in their local 
language about livestock feeding and disease management (iCow 2020). Knowledge about these 
topics had previously been the farmers’ biggest barrier to increasing production, according to iCow. 
FarmDrive is a digital agricultural financial service in Kenya that facilitates credit scoring and lending for 
smallholder farmers (FarmDrive 2021). Frubana is an agricultural e-commerce service in Brazil, Colombia, 
and Mexico that connects producers to buyers (Frubana 2021). AgriBuddy is a digital procurement service 
in Bangladesh, Cambodia, and India that improves smallholder farmers’ access to farm inputs, such as 
seeds and pesticides (AgriBuddy 2021). Hello Tractor is a smart farming platform that enables smallholder 
farmers in Nigeria to access tractor services, which they may have otherwise been unable to afford (Hello 
Tractor 2020). 
A huge challenge to ICTs for agriculture – and food, land, and water systems more widely – is that these 
technologies are not inclusive and they do not guarantee or provide equitable outcomes. As previously 
mentioned, the number of female users of digital agricultural solutions is less than a third of all users (CTA 
2019). In addition to gender, education level and literacy, physical ability, age, race, and prior exposure to 
ICTs factor into an individual’s ability to access, use, and benefit from ICTs developed for food, land, and 
water systems use. 
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Who benefits from ICTs for food, land, and water systems? Who is either overlooked or actively 
harmed?
Who is doing the work in designing and developing ICTs for food, land, and water systems and 
who is not?
Whose goals are represented in ICTs for food, land, and water systems and whose are not?
4.1. Who benefits from ICTs and who is either overlooked or actively harmed?
Information about the end users of ICTs for food, land, and water systems is not evenly reported. As a result, 
this section contains examples that extend to sustainable development more widely. These insights into 
the promises and pitfalls of ICTs for development provide an opportunity to learn from others’ experiences 
and to think critically about the future of ICTs’ applications for use in food, land and, water systems.
4.1.1. Digital divides
The term “digital divide” refers to disparities between who is able to access (first-level digital divide), use 
(second-level digital divide), and benefit from (third-level digital divide) ICTs. These tiers define who benefits 
from ICTs and who does not.
4.1.1.1. First-level digital divide
The first-level digital divide describes infrastructure access to ICTs. This is often considered materially, that is, 
in relation to the Internet and the requisite software or hardware needed. Is the technology or tool broadly 
available and marketed in a given region? Can people afford it? Do users have the electricity to charge 
their device? Is their area served by cell towers? Can they access a repair shop for spare parts if something 
breaks? 
These considerations affect people disproportionately. At the individual level, for example, women in low- 
and middle-income countries are 8% less likely to own a mobile phone than men and are 20% less likely to 
use mobile Internet than men (GSMA 2020). In addition, Aikins (2019) found that Internet use in 37 African 
countries was influenced by the affordability of broadband services and devices, digital skills, age, and 
availability of mobile phone subscriptions. In other words, people who are younger and wealthier, possess 
digital skills, and own mobile phones are the demographic group most likely to access the Internet.
At the household level, Mink (2019) found that the number of smartphones owned by households in 
the Bihar district of India and the Khulna and Chittagong districts of Bangladesh was linked with these 
individuals’ income and education level. Furthermore, Otioma (2019) found that in Kigali, Rwanda, the 
first-level digital divide is positively correlated with existing inequalities in urban infrastructure, urban 
agglomerative strength, and each household’s socioeconomic status.
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At the country level, Cruz-Jesus (2018) compared the digital development of 45 countries, finding that 
income disparities and educational disparities were the biggest drivers of digital asymmetries. In this case, 
“digital development” was defined as a country’s ICT infrastructure, broadband connection, the number 
of mobile broadband subscriptions per 100 inhabitants, Internet speed, the number of Internet secure 
servers, and the portion of the population regularly using the Internet. This suggests that people residing in 
wealthier countries are more advantaged in ICT access than those residing in less wealthy countries.
4.1.1.2. Second-level digital divide
The second-level digital divide assumes individuals have the infrastructure available to access ICTs. Instead, 
this tier examines users digital skills and use patterns.
The “offline” qualities of end users – such as their demographic groups, economic, social, cultural, personal, 
material attributes, and motivation for accessing technology or digital tools – shapes their digital skills 
(Scheerder 2017). However, many studies define and measure digital skills differently, largely due to the 
constantly growing and evolving types of possible digital interactions. van Deursen (2019) describes 
operational Internet skills, formal Internet skills, information Internet skills, and strategic Internet skills, for 
instance, while Scheerder (2017) categorizes digital skills as being medium-related (e.g., word processing, 
file manipulation), content-related (e.g., communication, information, creativity), for ensuring safety and 
security (e.g., knowledge about online privacy), and for general purposes (e.g., Internet skills, digital literacy). 
Chetty (2018) proposes a framework that examines five types of digital literacy (information, computer, 
media, communication, and technology) against three perspectives (technical, cognitive, and ethical).
The studies in our survey of the literature do not use standardized methods to assess digital skills and, 
thus, they cannot be compared. However, these studies demonstrate the large variation in digital skills 
among different people. Hargittai (2002) found that age is negatively associated with Internet skill and 
prior experience with ICTs is positively associated with Internet skill. Internet skill, in turn, affected whether 
and how quickly 54 American participants were able to find information online. In a study of agricultural 
extension agents using the Farmbook app in Madagascar, Malawi, Zambia, and Zimbabwe, Tata (2016) 
found that (1) female extension agents reported fewer technical challenges than male extension agents; (2) 
extension agents less than 35-years-old reported fewer technical problems compared to those who were 
aged 35 or greater; and (3) extension agents who possessed excellent Internet skills were more comfortable 
with Farmbook than those who were less able to use the Internet. In conducting a self-assessment of digital 
skills, Hargittai (2006) found that 100 men and women in the United States did not differ greatly in their 
online abilities, but women’s self-assessed skill levels were significantly lower than those of men.
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People’s digital skills – and perceptions of their own digital skills – may affect their online behavior. 
Other factors, such as education level, class, and location—residing either in a rural or urban area, may 
also affect an individual’s online behavior. With regard to education level, Helsper (2009) found that less 
educated people in four European countries were less likely to use the Internet for learning or financial 
purposes than were more educated people. Similarly, van Deursen (2015) found that less educated people 
in the Netherlands were less likely to use the Internet for information or personal development than more 
educated people, but they were more likely to use the Internet for gaming and social interaction. With 
regard to class, Internet use among people in Nanjing, China did not significantly differ; however, specific 
Internet use patterns did differ. Online shopping and social networking were more attractive to lower class 
groups, while higher social class groups focused their Internet use on capital-enhancing activities (Chang 
2016). With regard to differences in Internet use between rural and urban populations, a study of 2,592 high 
school students in Karnataka state, India, found the most popular Internet uses for rural students included 
playing games, seeing animal images, and watching sports. In contrast, the most popular Internet uses 
among urban students were completing school projects, playing games, and completing class assignments 
(Kumar 2018).
3.1.1.3. Third-level digital divide
Even if people have access to ICTs (first-level digital divide) and adequate skills to use them (second-level 
digital divide), they may not benefit equally from using the ICTs, resulting in unequal returns from ICT use 
for economic, social, educational, political, and institutional activities (third-level digital divide) (van Deursen 
2015).
Regarding the real-world outcomes associated with general ICT use, DiMaggio (2008) found that Internet 
use was positively associated with income growth. Kuhn (2014) found that youth who used the Internet 
for job hunting between 2005 and 2008 reported that they were employed 25% faster than those who did 
not. Bhatnagar (2004) suggests that more digitally savvy online shoppers can find products and services 
at cheaper prices than those who are not. These examples speak to the direct benefits that can result from 
ICT use.
Yet benefits differ amongst ICT users. Mobile phone use for business by female microentrepreneurs in 
Chennai, India, for example, was not a significant predictor of business growth, but, mobile phone use for 
business in addition to high entrepreneurial expectations – which were positively correlated with class, 
caste, and education level – was indeed a significant predictor of business growth (Chew 2011). Attewell 
(2011) found that the benefits of having a home computer in the United States were greater for (1) children 
from more affluent and educated families than those from poorer and less educated families; (2) boys than 
girls; and (3) white children compared to minority children. Teo (2011) found that the ownership and use of 
home computers in Singapore was linked with students’ computer self-efficacy, which had a significant 
impact on learning outcomes. Male students reported that they had a greater amount of home computer 
use for both studies and leisure activities than female students, as well as significantly better computer 
skills than female students. This contributed to improved learning outcomes for male students.
Unfortunately, real-world user outcomes are rarely reported for ICTs for food, land, and water systems. CTA’s 
2019 “Digitalisation of African Agriculture Report” was only able to unearth about 50 impact data points. 
These were primarily yield and income metrics.
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4.1.2. Standpoint theory
People’s ability to access, use, and benefit from technology is largely shaped by where they reside within 
interlocking systems of oppression. Collins (1990) describes how black women occupy a certain intersectional 
standpoint within the matrix of domination: experiencing or resisting oppression at the individual, cultural, 
and institutional levels. 
This influences how a person engages with the world around them, including their ability to access, use, 
and benefit from ICTs. One’s standpoint also includes their level of ICT knowledge, which may affect how, 
when, and why they would like to use ICTs (Hartsock 1983; Haraway 1988). In other words, these factors 
shape which privileges, needs, values, and aspirations people have when considering using ICTs for food, 
land, and water systems.
The standpoint theory challenges the universalizing narratives that often surround ICTs’ use in development. 
These status quo narratives contend that people will be able to escape from poverty through ICT use (Chan 
2014). This assumption underpins a technology’s promise to deliver positive impact at scale; however, as we 
see from the actual use rates of ICTs for development, these technologies often fail to be adopted widely, 
suggesting that specific ICTs are not actually universally useful, usable, or inclusive. Thus, an awareness of 
standpoint theory is a useful starting point for considering the digital divide.
Factors that influence people’s ability to access, use, and benefit from ICTs include their educational level 
and literacy, gender, physical ability, age, race, and prior exposure to ICTs. Three caveats exist: (1) these factors 
are context specific, meaning they do not consistently generate the same effects for everyone; (2) these are 
examples of the impacts of single-axis identities2, which may intersect to create different outcomes, and; (3) 
most research into the digital divides treats gender as binary.
4.1.3. The choice of ICT non-use
It is worth noting that some people have the option to access, use, and benefit from ICTs, but choose not 
to use them. This decision is increasingly becoming a status symbol amongst elites, who have the luxury 
of limiting their online presence, engaging in a digital detox or shunning social media, and sending their 
children to Waldorf schools that ban electronics (Dobrinskaya 2019; Toyama 2015). It is also an increasingly 
important strategy adopted to resist the attention economy3 and reclaim one’s time (Odell 2019).
In addition, some people may choose to avoid ICTs developed outside their local context based on “a desire 
to build an information society from the ‘bottom-up’, on a human scale, based on local circumstances so 
that it was citizen-oriented.” (Uotinen 2003) This especially makes sense as the rhetoric around ICTs and 
social change posits that value can come from anyone, anywhere. As ICTs offer new opportunities to extract 
value from labor, technologies are often used to “colonize the social as a search for investable novelty.” (Irani 
2019)
For many, whether to use technology is, above all, a question of safety. When technology can be used to 
surveil individuals and data can be used to oppress, opting out of ICT use may be the safest option. 
Recognizing and respecting an individual’s decision to opt out of ICT use – for whatever reason – supports 
this person’s right to self-determination. “Studying non-use can problematize this [digital imperative], calling 
into question the fundamental premise of both the value and the unavoidability of such technologies. In 
some ways, this critique may also apply to the narrative of the digital divide, that unequal distribution of 
technology creates haves and have-nots, and that the best way of ameliorating such inequalities is greater 
technological saturation and penetration. What if, however, those who do not use a technology do so not 
from a lack of opportunity but rather from a lack of desire? What if certain individuals or groups prefer to 
stay on the far side of the digital divide?” (Baumer 2015)
2 A single-axis framework treats race and gender as mutually exclusive categories of experience.
3 Attention economics is an approach to the management of information that treats human attention as a scarce commodity and applies economic 
 theory to solve various information management problems.
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4.2. Who is doing the work in creating ICTs and who is not?
In addition to who benefits from the creation and use of ICTs for food, land, and water systems, we must also 
look at the modes of production to understand and challenge how the social relationships in our physical 
world are being reproduced in the digital world.
We can examine this question at multiple levels: the individual, the organizational, and national levels.
4.2.1. Individual level
Our answer to the question of “Who is doing the work in creating ICTs for food, land, and water systems?” 
largely depends on our definition of innovation.
4.2.1.1. Schumpeterian model of innovation
We often think of tech companies as sources of innovation because the dominant narrative of innovation 
– which can be traced to economist Joseph Schumpeter – requires commercialization. This traditional, 
Schumpeterian model of innovation views profit-driven producers (businesses) as the primary engine of 
economic change. It shaped the Organisation for Economic Co-operation and Development’s definition of 
innovation, which states that “A common feature of an innovation is that it must have been implemented. A 
new or improved product is implemented when it is introduced on the market.” (OECD 2005) In other words, 
a new product or service or an improvement on an old product or service only counts as an innovation if 
it is commercialized. This narrow definition of innovation restricts it to being undertaken by people selling 
products or services, contributing to the perception that innovations are created by an anointed few in the 
private sector, rather than viewing innovation as an emergent property of social systems. 
Within this paradigm of innovation, there are extreme gender imbalances in four of the largest tech 
companies worldwide:
Source: Apple 2020; Facebook 2019; Google 2020; Microsoft 2020.  
Note: The number of company-wide employees includes those who work in distribution centers and retail outlets in addition to those 
involved in software/product development.
 Company-wide Tech positions Executive positions 
% men % women % men % women % men % women 
Apple 67.0 33.0 77.0 20.0 81.3 18.7 
Facebook 63.1 36.9 77.0 23.0 67.4 32.6 
Google 68.0 32.0 76.4 23.6 73.3 26.7
Microsoft 72.4 27.6 78.6 21.4 80.7 19.3 
Table 1. Gender representation in four major technology companies.
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Single-axis gender representation in four technology companies, all headquartered in the United States, is 
shown in Table 1. Within these companies, there are also discrepancies in representation by those of different 
races, people with a lower socio-economic status, people of all abilities, people who identify as LGBTQIA+, 
and of other similarly marginalized groups. These issues are not at all specific to these four companies 
or to the private sector, more generally. In American universities, more than 80% of artificial intelligence 
professors are white, while less than a third of computer science and statistics faculty are women (D’Ignazio 
2020). 
What is the representation of gender, race, sexuality, caste, class, ability, religion, etc. amongst the producers 
of ICTs for food, land, and water systems? We do not know. There is a significant data gap because much 
of the research has focused on examining the ICTs themselves instead of the processes used to create 
them. Worldwide, almost 80% of all patents filed at key intellectual property offices in 2015 came from 
teams of only men; women represent less than one-third of all start-up founders; and an estimated 11% of 
start-up founders seeking venture capital backing in 2018 were female (OECD 2018). Of the global artificial 
intelligence workforce, 78% are male (World Economic Forum 2018). Among the membership of some 
select online data science platforms, 81.9% of contributors to DS Central are male, 83% of contributors to 
Kaggle are male, and 92.1% of contributors to Stack Overflow are male (Young 2021).
How does the overrepresentation of some populations in innovation processes affect the products and 
services that are produced? Using gender as an example, in technical positions (i.e., software engineers), 
male overrepresentation suggests that men are making more design and development decisions about 
new technologies than females. This could mean programming their own biases into ICTs or creating user 
interfaces that are more intuitive and beneficial to them – and other men – than to women. 
In applying this theory to representation among tech firm executives by gender, Williams (2014) suggests 
that male overrepresentation means men are making disproportionately more business and strategic 
decisions about the future of technology. In practice, this might be tech employees customizing a demo to 
appeal to a male executive personally because they need the executive’s approval to continue their work, 
rather than including the needs, values, and aspirations of female end users.
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While these examples focus on gender, the same could be said for the overrepresentation of white innovators, 
young innovators, able-bodied innovators, straight innovators, innovators from more privileged castes, and 
innovators from the Global North. Innovation teams need to be diverse to better account for the needs, 
values, and aspirations of a more inclusive user base. In the United States, tech culture has historically been 
notoriously inhospitable to females, people of color, LGBTQ+, physically challenged, and older workers. In 
discussions regarding allegations of inequity inside Google, for example, lawsuits regarding gender bias in 
pay and promotion, a systematic gender pay gap, sexual harassment, and harassment of diversity advocates 
will be brought up. In 2018, thousands of Google employees worldwide staged a walkout to protest sexual 
harassment when The New York Times revealed that Google had paid Andy Rubin, a high level executive, a 
$90 million exit package and praised him for his creation of the Android mobile software, after concluding 
that a sexual harassment claim against him was credible (Wakabayashi 2018). Another executive who faced 
credible claims of sexual harassment, Richard DeVaul, was allowed to keep his high-paying job. Also in 
2018, Uber reached a US$10 million settlement agreement in a class-action lawsuit filed by its 483 female 
employees and employees of color in response to their claims of “incidents of discrimination, harassment, 
and/or hostile work environment and connecting their experiences to their race, national origin or gender.” 
(Kennedy 2018)
In short, having the power to innovate – at least within American tech companies – is exclusive for two 
reasons: (1) to secure a job in these firms is predicated on the applicant having a high-quality education 
and the tech recruitment process provides advantages to middle- and upper-class, straight, able-bodied, 
young, white men; and (2) a workforce structured as described can create a culture that is unwelcoming, 
unfair or unsafe for those who identify differently. This creates a power asymmetry not only in who gets to 
innovate, but also for whom they are innovating. This exclusivity keeps the power to innovate within the 
hands of the privileged class, to the disadvantage of marginalized groups, thus maintaining the status quo.
This theory exists within one definition of innovation. While marginalized groups may not be represented 
in tech companies (and, thus, counted as “innovators” within a Schumpeterian paradigm), they are still 
innovating. Alternative models of innovation are useful to better recognize and compensate informal 
innovators and to think through how to engage more marginalized people in developing ICTs for food, land, 
and water systems.
4.2.1.2. Grassroots/free models of innovation
Alternative models for innovation assert that innovation can come from anyone, anywhere – not necessarily 
from the private sector actors as in the Schumpeterian innovation paradigm. 
Gupta (2016) states, “Minds on the margins are not marginal minds.” He started the Honey Bee Network to 
explore creativity and innovation in rural communities across India, seeking to connect formal and informal 
knowledge systems and to reduce the transaction costs of innovators, investors and entrepreneurs. The 
Honey Bee Network’s “doorstep approach” holds that “when somebody solves a problem ingeniously, it 
is the responsibility of outsiders – the state/market or civil society – to recognize these ideas first in situ, or 
where they occur.” In addition to acknowledging those innovations that occur on the margins, Gupta notes 
that the value derived from this type of innovation process can fundamentally differ from those found in 
commercial spaces. One entrepreneur refused to license a bullock-drawn pesticide sprayer, for example, 
because it was discovered it could adversely affect the animal’s skin – thus, prioritizing the wellbeing of 
animals over any potential profits.
21 Promoting inclusivity and equity in information and communications technology for food, land, and water systems
Similarly, von Hippel (2016) contrasts the Schumpeterian model of innovation with the household sector 
innovation model. He defines “free innovation” as a novel product, service, or process developed by a 
consumer using their own funds and time, which can be acquired by anyone for free. Tens of millions of 
individuals in the household sector partake in innovation, which both improves social welfare and increases 
private sector profits. In fact, “about 50 percent to about 90 percent of major consumer innovations 
commercialized by producers were in fact initially developed by household sector innovators,” he said. 
Because free innovators are motivated by self-rewards rather than profit, they often pioneer new fields, 
while private sector producers – who are dependent upon general demand – wait to verify the commercial 
potential of markets. However, free innovation is rendered invisible and undervalued for two reasons. First, 
free innovation does not fall into the OECD’s definition of “innovation” which depends on the innovation 
being “introduced on the market.” (OECD 2005) This means that free innovation is not measured at all in 
government statistics about innovation, unless the innovation is commercialized by a producer, in which 
case the credit goes to the producer instead of the free innovator. Second, even if the OECD changed its 
definition of “innovation,” no transactions document the value of the investments made or any output 
created by free innovation. This makes it difficult to measure the scope and impact of any household sector 
free innovations.
4.2.1.3. Collaborative, community-led models of innovation
The Schumpeterian model of innovation contends that businesses are the producers of innovation. The 
grassroots and free models of innovation hold that individuals in the household sector can produce 
innovations. 
Another approach to innovation is more collaborative and community-led. Rather than placing the focus 
on individual technical mastery or creation, this model prioritizes the formation of inclusive design spaces 
and partnerships between communities, researchers, designers, and technologists to create products and 
services that address community challenges (Costanza-Chock 2020). This model is more politically and 
socially engaged and places a greater emphasis on the real-world outcomes of innovations. 
This model of innovation is the cornerstone of design justice, which places equity at the center of its 
community-led design process and its outcomes (Costanza-Chock 2020).  Escobar (2018) has also written 
extensively about a new model for design, which favors “more collaborative and place-based approaches” 
and “questions of environment, experience and politics” over pure capitalist production. Norman (2020), 
too, has called for “community-led design.” (Norman 2020). 
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Visions of collaborative, community-led innovation have led to the creation of public innovation spaces, 
such as those in the Fab Lab network (Fab Lab 2020). Fab labs or “fabrication laboratories” are workshops 
equipped with machinery and tools that enable people to pursue their own projects. They often offer training 
and actively reach out to their surrounding communities. Mz* Baltazar’s Lab in Vienna, Austria, for example, 
is a self-described “collective and feminist hackerspace” that seeks to ensure that makerspaces are more 
inclusive to counter the homogeny of most makerspaces. This particular fab lab states that it is “intended 
as a safer space for people who have traditionally been excluded from or have felt unsafe in spaces where 
science is taught, or technology is being used, and invite those people (e.g., women and trans individuals) to 
participate or give workshops that bring together technology, art, and have a critical understanding of social 
structures. Our exhibitions and events are open to all audiences, and are intended to support women in the 
broad sense of the political terms, and those who work on feminist issues, empowerment, and overturning 
patriarchy.” (Mz* Baltazar’s Lab 2020)
4.2.1.4. Who doesn’t count?
Many informal innovation and contributions to innovation processes are never recognized, valued, or 
credited. 
Designers, software developers, and engineers usually receive credit for new products and services. Rarely 
acknowledged or fairly compensated, however, are the invisible laborers who make those same products 
and services possible. The essay “Anatomy of an AI System” seeks to rectify this by highlighting the extensive 
contributions, including human labor, required to produce an Amazon Echo (Crawford 2018). This work 
starts long before the designers, software developers, and engineers get involved – and often occurs far 
away from corporate offices and labs. Many people and processes build the foundation for manufacturing 
an Amazon Echo: miners excavating lithium in Bolivia, divers extracting tin in Indonesia, and Malay, Chinese, 
and Dayak workers collecting latex in Malaysia. Only the uppermost triangle of the pyramid of labor, 
however, is credited for the design and development of an Amazon Echo: software developers, marketing 
professionals, and Jeff Bezos. The labor that occurs at the bottom of this production pyramid is crucial, as 
are other types of emotional and affective labor4 distributed throughout the pyramid, but these workers 
are not typically considered part of the innovation prwocess.  As a result, most of the material inputs and 
human labor that underpins ICT production is erased and, thus, under waged.
With regard to material inputs specifically, ICTs exact a heavy toll on the environment. This issue has created 
some tension in using ICTs for sustainable development, when they are not sustainable themselves (van 
der Velden 2018). Technology devices, for example, negatively impact the environment as a result of the 
resource extraction needed to make them as well as the processes associated with manufacturing, the 
device’s energy consumption, and the end-of-life e-waste created (exacerbated by designed obsolescence). 
Strubell (2019) quantified the amount of CO2 emitted when training a Natural Language Processing model: 
626,155 pounds of CO2. That is comparable to the lifetime emissions of five cars or the lifetime emissions of 
59 humans. Belkhir (2018) estimated that the tech sector will contribute between 3.0% and 3.6% of global 
greenhouse gases by 2020 – comparable to that of the airline industry. The heavy environmental costs of 
ICTs are particularly problematic when this unsustainable ecosystem surrounding digitization is exported 
to low-income countries – the same people who are seen as being the primary beneficiaries of sustainable 
development. 
The labor of women – especially black women – has also been erased from the history of innovation, 
particularly in the United States. During World War II, the first computers were women (Light 1999) – 
“computer” was literally a job description. When NASA started to work with electronic computers in the 
1950s, the job was considered “women’s work.” Thus, the first programmers were women. As described 
in the book and movie Hidden Figures: The American Dream and the Untold Story of the Black Women 
Mathematicians Who Helped Win the Space Race, black women at NASA played a critical role in sending 
4 Affective labor is work carried out that is intended to produce or modify emotional experiences in people. This is in contrast to emotional labor, which 
 is intended to produce or modify one’s own emotional experiences. 
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humans to space (Shetterly 2016). Data shows that women at NASA received lower pay and were less often 
promoted than male colleagues, and, when people think back to the heyday of the American space race, 
they tend to picture male engineers, male executives, and male astronauts.
Furthermore, the challenges of social media moderation are becoming increasingly visible with much of 
the labor borne by low-income women in the Global South. Facebook, Twitter, and other social media sites 
have not historically automated content moderation, partially because they have not had great values 
or principles guiding their moderation. As a result, they initially outsourced content moderation to click 
workers, creating a shadow industry in the process (Dwoskin 2019). These click workers – often low-income 
women in the Philippines – manually review posts flagged by the online community, exposing themselves 
to violent content and hate speech. Many workers report having been traumatized after watching videos 
of torture, sexual assault, and other unspeakable acts, yet they receive little pay and are almost entirely 
unrecognized for their critical role in ensuring the safety of other social media users.  Our current global 
model of innovation enables social media companies to receive profits and credit, while low-paid workers 
are rendered invisible and exploited, causing great personal harm by their exposure to extreme content. It 
is worth noting, however, that these companies are rapidly evolving their content moderation strategies.
Invisible user labor is instrumental for the technical performance and business models of many ICTs. With 
regard to technical performance, user labor – such as selecting what to watch on Netflix or YouTube, or 
searching on Google – helps Netflix, YouTube, and Google refine their recommendation algorithms. With 
regard to business models, users need only browse their newsfeed to support the likes of Facebook and 
Twitter, since a user’s attention is monetized for ad revenue and this data can be sold to other third-party 
companies.
To summarize, power imbalances shape who and what counts (or does not count) as an ICT innovator. 
“Showing the work,” said D’Ignazio, “is crucial to ensure that undervalued and invisible labor receives 
the credit it deserves, as well as to understand the true cost and planetary consequences of data work.” 
(D’Ignazio 2020)
4.2.2. Organizational level
Cutting-edge ICTs are expensive to use, build, and maintain. As a result, the power to develop ICTs – especially 
those technologies with the potential to be the farthest-reaching and most powerful – is limited to those 
organizations with the most money and influence: namely governments, corporations, and universities, 
rather than individual farmers and local NGOs. This means that ICTs are more often used for surveillance, 
selling, and science, rather than developed for the benefit of ordinary people (D’Ignazio 2020). Corporations 
have unfettered access to our data every time we use the Internet, for example, whether we like it or not. 
Furthermore, those in control of the technology tend to be some of the most privileged members of society 
– which supports the prior discussion on how innovation is more accessible and welcoming for some than 
for others.
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4.2.3. National level
While technologies and tools are created all over the world, the Global North often perceives itself as an 
innovation hub, with its innovations “diffusing” to “peripheral” regions in the Global South (Chan 2014). This 
Euro-centric perspective leads many ICTs that are created in the Global North to be exported to the Global 
South. 
Algorithmic colonization5 calls attention to the parallels between the desires of Western tech monopolies, 
which are motivated by their corporate agendas, and traditional colonizers, which are motivated by 
government forces, to “dominate, control, and influence social, political, and cultural discourse” in the Global 
South (Birhane 2020). In Africa specifically, Birhane describes how both tech companies and colonizers 
came to mine the continent for profit, whether in the form of customers, data, or natural resources. 
Furthermore,  the rhetoric of Western tech monopolies is often reminiscent of the historic justifications 
given for colonialism and imperialism, evoking the specter of white savior-ism. They describe Africa as 
“data-poor” and, thus, promise to “connect the unconnected” (Gibbs 2017) and help “the next billion users” 
to “unlock economic opportunity.” (Google 2020)
Yet rich digital cultures around the world boast their own innovations (Chan 2014; Dye 2018; Arora 2019; 
Irani 2019; Lindtner 2020). Narratives around ICT usage and innovation in economically less developed 
countries “unsettle the unspoken presumption that a single, universal narrative could adequately represent 
the distinct digital futures and imaginaries emerging from local sites today.” (Chan 2014) In short, widely 
acknowledging a variety of technological innovations – regardless of where they were developed – helps 
decenter the Global North in innovation narratives and credit more innovators worldwide.
4.3. Whose goals are represented in ICTs (and whose are not)?
Lack of data makes it difficult to determine whose goals are specifically represented in ICTs for food, land, 
and water systems; however, we can look to technologies and tools in other sectors for examples of whose 
goals are often represented and extrapolate what this might imply for ICTs for food, land, and water systems.
4.3.1. ICT creators over end users
Sometimes the goals of ICT creators are in tension with those of end users. This asymmetry manifests as 
privacy violations, corporate surveillance, and disinformation/misinformation campaigns, to name a few. In 
addition, many tech companies profit from user engagement by selling users’ attention to advertisers. They 
consequently design dark patterns into their ICTs with the goal of psychologically manipulating users to 
constantly engage, view more ads, and make them more money. Furthermore, the buzzword around ICTs 
is often “innovation.” The focus on creating new, bigger and better ICTs – rather than attend to the repair, 
maintenance, and care of existing ICTs – is not only patriarchal, but also may enhance the status of creators 
rather than support the technology’s utility to end users (Wajcman 2010).
4.3.2. The status quo over social change
Technologies are often produced to maintain the status quo rather than to trigger or enact lasting social 
change. Corporate interests often produce new ICTs, for example, to encourage consumption “rather than 
production or critical analysis.” (Shade 2003; Flanagan 2009) These entities, thus, treat users as “consumers” 
rather than “producers,” “moral agents,” or “citizens.”
5 Algorithmic colonialism, driven by profit maximization at any cost, assumes that the human soul, behavior, and action is raw material free for the 
 taking.
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Furthermore, ICTs are often portrayed as neutral, value-free, and apolitical. Yet, it is useful to examine the 
ways in which this image of ICTs being “objective” has been constructed. Data visualizations are expected 
to be “clean” to highlight their objectivity – prioritizing reason over emotion, embodiment, or decoration, as 
recommended by Edward Tufte’s design principles (D’Ignazio 2020). 
With regard to creating new ICTs, design challenges typically scope problems so participants can skip to 
the solutions stage; however, these types of challenges are often stripped of discussions of power, equity, 
or politics, but are framed in terms of a vague “social good.” The deliberate separation between innovation 
and politics indulges designers and leads them to erroneously believe they are doing good for the world 
without creating any actual opportunities to meaningfully resist systems of oppression. Costanza-Chock 
(2020) questions, “How do institutions frame and scope ‘problems’ for designers to ‘solve’ in ways that 
systematically render structural inequality, history, and community resistance invisible?” When we think 
of innovation, many people conjure up images of hackathons, makerspaces, and innovation hubs. Yet, 
hack labs were originally explicitly politicized spaces, where activists and geeks joined forces. Only now 
have they been co-opted by universities, municipalities, and other entities as purportedly apolitical sites of 
neutral technology production. Design challenges facilitate the generation of solutions, but, typically, the 
winning solutions are only those solutions that fall within the acceptable limits of the status quo – drawing 
the attention and abilities of designers away from questioning the status quo itself. The resulting ICTs 
consequently tend to uphold the prevailing political, economic, and social systems and power structures.
ICTs can be evaluated on the basis of their “ethics” or their “justice.” It is worth noting that justice can have 
different meanings in different contexts, e.g., global versus local justice (Sikor 2017). They can be created “for 
good” or “for co-liberation.” These differing goals have important implications.
26 Promoting inclusivity and equity in information and communications technology for food, land, and water systems
DATA ETHICS DATA JUSTICE
Concepts that secure power because they  
locate the source of the problem in individuals  
or technical systems
Concepts that challenge power because they 
acknowledge structural power differences  





Understanding algorithms Understanding history, culture, and context 
Much of the work on attempting to improve the inclusivity and equity of ICTs focuses on reducing bias. 
While undoubtedly important, bias is but one type of algorithmic harm. A range of other harms can 
also be enacted by ICTs and their modes of production, including misinformation, political polarization/
radicalization, exploitation of workers, energy consumption, and surveillance. Is “unbiased” too narrow an 
ideal to precipitate a debate on equitable outcomes? The “reduce bias” or “increase fairness” approach 
places blame on individual technologies and suggests that cases of bias or exclusion are “isolated incidents.” 
The response is often a technical fix (Hoffman 2019). Fixing the technical problem does not address the 
underlying social problems that led to the introduction of bias in the technology. “Many of these ethical and 
technical approaches define the problem space very narrowly, neither contending with the historical or 
social context nor providing mechanisms for public accountability, oversight, and due process.” (Whittaker 
2018)
A researcher may find that a dialogue system trained on real-world conversations, for example, shows 
significant prejudices towards different genders and races. The researcher may recommend that the 
developers of the dialogue system reduce bias by cleaning their training data, or, in other words, removing 
biases from the real-world conversation data. While admirable that the authors are committed to reducing 
bias in dialogue systems, this technical fix fails to address why the biases exist in the real-world conversation 
data in the first place. Their recommendation is a Band-Aid. Adopting the suggestions may reduce bias in 
these particular dialogue systems, but there has been no recognition of or addressing of the root of this 
issue, which will continue to embed itself in other dialogue systems. Within this paradigm, ICTs may be 
designed to be less biased one-by-one, but a truly inclusive world – either physical or digital – is not possible 
with the technologies produced.
The difference between “data ethics” and “data justice” is illustrated in Table 2 (D’Ignazio 2020).
Similarly, the goal of creating “ICTs for good” introduces a power differential because the task is framed 
as being charity work, by which innovators seek to benefit “others.” (Irani 2019) It also raises the question 
“good for whom?” On the other hand, the goal of creating “ICTs for co-liberation” works to free both dom-
inant groups and minority groups from oppressive systems. This distinction is illustrated in Table 3 (D’Ig-
nazio 2020):
Table 2
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DATA FOR GOOD DATA FOR CO-LIBERATION
Leadership by members of minority groups working in a 
community
x
Money and resources managed by members of minority 
groups
x
Data owned and governed by the community x
Quantitative data analysis “ground trothed” through a 
participatory, community-centered data analysis process
x
Data scientists are not rock stars and wizards, but rather 
facilitators and guides
x
Data education and knowledge transfer are part of the 
project design
x
Social infrastructure—community solidarity and shared 
understanding— is built as part of the project design
x
Table 3
Of course, this is not to say that we should stop caring about ICTs’ ethics or ability to do good. Approaches 
for improving the inclusivity and equity of ICTs, however, should not make us lose sight of how we can also 
use them to promote inclusion and equity offline. Otherwise, technologies will merely uphold the status 
quo.
4.3.3. Dominant groups over marginalized groups
ICTs tend to privilege dominant groups over marginalized groups for three reasons.
There are many data gaps regarding marginalized groups. Considering gender, while some datasets fail 
to take gender into account, other data collection efforts do not adequately seek out female representation. 
Both situations render women “invisible.” (Criado-Perez 2019). The treatment of men as the “default 
human” – with women treated as “small men” (Goldberg 2003; Sims 2019) – results in the development of 
technologies and tools that better serve the needs of men than women.
The desire to scale products provides an incentive for technologists to appeal to the average user 
and dismiss so-called edge cases (Wachter-Boettcher 2017). A/B testing is one common strategy that 
identifies and upholds the goals of the average user, who most likely belongs to a dominant group, and 
provides business justification for disregarding the preferences of people deemed edge cases, who most 
likely belong to marginalized groups. Perhaps an interface with a red button and a green button is well 
received by the majority of users, but causes confusion for people with red-green color blindness. Or, 
perhaps the majority of visitors to a website are men, so it saves them time if the default setting in a form 
about gender identity is “male,” but this creates extra work for female and gender non-binary visitors. The 
desire to appeal to average users shapes an ICT’s user base and determines who most benefits from a 
specific technology.
The people creating the ICTs are likely be in the dominant group. As discussed in Section 4.2.1, this may 
mean that they are unable to recognize biases in their ICT, they are more likely to create user interfaces 
that are more intuitive to them or to customize pitches that appeal to their boss (who is even more likely to 
belong to a dominant group) than they would create a technology that would be useful for a diverse set of 
end users.
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The inclusivity and equity of ICTs are being interrogated and improved by a number of approaches.
5.1. Within the digital divides framework
The inclusivity of ICTs for food, land, and water systems is often discussed in terms of the digital divides: 
people’s ability to access, use and benefit from ICTs. This has led to both research and efforts toward 
bridging the digital divides. A rural telecenter program in Vietnam sought to connect scientific information 
with farmers (Gorannson 2016), and public libraries were found to be go-to places for people to access ICTs 
in South Africa and Nigeria (Lediga 2018; Ngozi Anasi 2018).
Recommendations for bridging the digital divides are usually top-down. The suggested approaches may 
include reducing the cost of mobile data, providing digital skills training, or changing policies.
There are limitations to solely thinking about the inclusivity and equity of technologies within a digital divides 
framework. For one, it frames ICTs as deterministic and universalistic. It does not ascribe people agency 
when calling for the transition from a “traditional” society to an “information” society – it makes this change 
seem inevitable, as “naturalized progress” without questioning whether people would like to use ICTs. The 
second-level digital divide, in particular, assumes that people do not use ICTs because they lack digital skills, 
rather than entertaining the possibility that the ICTs do not fit a user’s values, needs, or aspirations. The digital 
divides framework also creates a deficit narrative. It describes people in terms of their lack of access, rather 
than their assets or aspirations for ICT use. Because wealthy people will always be able to afford more ICTs 
and more advanced ICTs than poor people, this deficit narrative risks characterizing marginalized people 
indefinitely (Toyama 2015). The digital divides framework positions people as consumers of ICTs, rather than 
producers, critical thinkers, or moral agents. They exist to access, use, and benefit from ICTs when they 
become available, not to question them or make their own technologies. This creates power asymmetries 
in two types of one-directional ICT interactions: (1) the emphasis on ICT-to-user communication, rather 
than two-way communication (underplaying the value that can come from the users themselves), and (2) 
the emphasis on user-to-ICT attention, rather than any support being provided to users by the ICT (thus, 
ignoring the attention deserved or required by users to improve their experiences).
Most importantly, the digital divides framework treats ICTs as fixed. The digital divides are described as 
“a social and political problem, not a technological one” (van Dijk 2005). While this made sense when the 
term “digital divide” only referred to Internet access in a binary “yes or no” fashion, there are now a range of 
devices, platforms, content, and standards each of which have the potential to leave people behind (Burrell 
2018). This requires contending with the inclusivity and equity of each individual type of technology. 
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5.2. The role of design
The digital divides framework asserts that inequalities can manifest in people’s different abilities and means 
to access, use, and benefit from ICTs. Yet, inequalities can also manifest in biases directly embedded into 
the ICTs themselves.  Understanding these inequalities requires examining the ICTs – treating them not as 
fixed, but as malleable objects. After all, they are designed.
Commercial facial recognition software is 44 times more likely to correctly classify lighter-skinned males 
than darker-skinned women because it was trained on 78% male faces and 84% white faces (Buolamwini 
2018). Someone who is non-literate or low-literate will likely be better served by a voice-based or pictorial 
interface than a text-based interface. An older person with vision loss might be better able to see and press 
bigger buttons on a user interface. Each of these are examples of the design choices that could be made 
by the creators of ICTs.
To improve the inclusivity and equity of ICTs for food, land, and water systems, ICTs need to be considered as 
products that can be changed and altered rather than fixed in their current design. This questioning should 
begin at the project’s inception rather than later in the process and should include discussion on inclusivity 
and the equitable allocation of benefits and risks.
If the design team is not diverse, its members may struggle to recognize how people unlike themselves 
may be harmed by particular design choices. There is also a perceived meritocracy in technology. People 
sometimes assume the smartest people are in the room, so they do not always feel the need to consult 
anyone else (Wachter-Boettcher 2017). ICTs are often created for the “average person” – in other words, 
the majority, rather than considering any possible “edge cases.” A/B testing is employed to determine the 
design preferred by the majority of users, which is then adopted to maximize end user satisfaction, even if 
some users were marginalized or harmed by this design element.
Of course, examining the inclusivity and equity of technologies is not constrained to the technology itself. 
We should also consider technologies in social, institutional, and organizational contexts. Cooperative work 
is needed, for example, to integrate ICTs in communities (Christensen 2019; O’Neill 2017). There is a human 
infrastructure that supports community-run digital services (Jacobs 2020) and the business models for 
them. Businesses are generally less incentivized to target the most marginalized people because it is more 
difficult and costly to reach them. This returns us to the social and political problems of the digital divides 
model.
In short, improving the inclusivity and equity of ICTs requires considering them holistically: their contexts, 
their modes of production, and the values encoded directly into ICTs. Design is a missing piece of the puzzle 
within the more popular discussion around the digital divides. It allows us to interrogate the inclusivity and 
equity of the tools and technologies themselves.
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While many efforts emerging from the digital divides framework are top-down, design can serve as a 
complementary bottom-up approach for promoting the inclusivity and equity of ICTs for food, land, and 
water systems. It aims to improve ICTs themselves – tailoring them, through end user participation and 
iterative approaches, to better fit people’s values, needs, and aspirations.
Design becomes an especially important component considering the relatively low adoption rates of ICTs 
for food, land, and water systems. Of the 26 million unique registered users in Africa who are reached by at 
least one digital tool for agriculture, only 11 million remain engaged with one of these (CTA 2019). In other 
words, people have access to ICTs for agriculture; however, they try them and conclude these tools are not 
worth their time. This suggests that the issue is not only access, but also the ICTs themselves.
Of course, people have the right to decide for themselves whether to use ICTs for agriculture, which may 
address food, land, and water systems. The goal is not to compel everyone to do so. Instead, the goal is to 
create ICTs for agriculture that are as useful, usable, and inclusive as possible, so people can choose whether 
to use them, rather than being excluded by the design of the ICT itself. Since “design shapes our ability 
to access, participate in, and contribute to the world,” designing inclusive ICTs for agriculture empowers 
people to choose to access, participate, and contribute as they see fit (Holmes 2018).
6.1. What is design?
Today’s design methodologies – including, but not limited to, design thinking, user-centered design/
human-centered design, inclusive design, value-sensitive design, and design justice – have their roots in 
industrial design (Kuang 2019). While it is difficult to trace the varied histories of design around the world, 
two turning points stand out.
The first turning point was the transition from a focus on products, whether physical or digital, to a focus on 
users. The term “user-centered design” was coined by Rob Kling in 1977 and popularized by Don Norman 
in the 1980s. Norman’s book The Design of Everyday Things, in particular, articulated the importance of not 
only product functions, but also the communication of those functions to users through the use of signifiers, 
mapping, and feedback (Norman 2013). In other words, good design can remove friction in interactions 
between products and users by prioritizing the needs of the user and embedding intuitive mental models 
in them. Doing so successfully requires engaging with users during the design process.
31 Promoting inclusivity and equity in information and communications technology for food, land, and water systems
The second turning point was the expansion of design from manufacturable, mechanical, and physical 
products to intangible items or concepts such as market opportunities and product strategy. In the early 
2000s, the United States designed its own products and outsourced its manufacturing overseas, where 
there was cheaper labor (Irani 2018). Then, globalization policies and Chinese designers began to threaten 
the business of American design firms. The Stanford d.school and IDEO began developing the concept 
of design thinking to argue for the value of American creative industries. According to Irani, this involved 
aligning design with creativity, empathy, aesthetic judgments, and cosmopolitanism – asserting that right-
brain thinking can uniquely generate insights that can open new markets. It also portrayed designers as 
people who can go from building rapport with consumers to rubbing shoulders with corporate executives. 
Following this line of reasoning, which evokes many class, racial, and gendered stereotypes, the qualities 
of good designers began to mirror those of wealthy, white men. In short, rather than competing, American 
businesses reinvented design to “protect North American difference” – claiming that left-brain tasks like 
math and programming could be outsourced to China and India, but design was a task better suited to 
creative, right-brain types: wealthy, white, American men. This shift devalued the labor of manufacturing 
workers, miners, industrial designers, etc. while elevating the empathetic, social, creative labor of design.
These two turning points, among other factors, expanded the purview of design: from a focus on products 
to users, from an output of products to corporate strategies. This wider scope of design – as a core part 
of innovation – in turn, revolutionized how people think about social change. Ethnographic research at 
a design firm in New Delhi, India, for example, suggests that for the new generation of Indians, positive 
social change is perceived as occurring through innovation (Irani 2019). “Entrepreneurial citizenship,” a term 
coined by Irani, promises that citizens can simultaneously construct markets, produce value, and conduct 
nation-building work. The upside of this model is that innovation is intimately tied to social good.
Entrepreneurial citizenship, thus, subsumes people’s hope for better worlds into capitalist production. 
This line of thinking is echoed in the rationale behind hackathons, which “orient toward Silicon Valley for 
models of social change” and “favor quick and forceful action with socially similar collaborators over the 
contestations of mass democracy or the slow construction of coalition across difference” (Irani 2015).
In addition, as citizens begin to play greater roles in technology development, a new creative class 
(consisting of those who count themselves as innovators) govern, guide, and employ others, forming new 
social hierarchies (Irani 2019). 
A variety of design principles and traditions are employed across sectors and ideologies. The following six 
design methodologies, which are not mutually exclusive, serve as illustrative examples.
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6.1.1. Design thinking
Design thinking was originally popularized by David Kelley – co-founder of IDEO and the Stanford d.school – 
as a process that could deliver packaged innovation to big businesses. Design thinking was also purported 
to hold the key to creativity by considering social issues. 
Design thinking has achieved a number of good things. Its simple, five-step process – (1) empathize with 
the user; (2) define the problem; (3) ideate solutions; (4) prototype solutions, and; (5) test and refine solutions 
– made creativity and innovation feel possible for anyone. It broke design out of its silo, expanded its scope 
from product to strategy, embedded design concepts within industry, non-profits, and government 
organizations, and demonstrated how design can be applied to important social issues. Perhaps most 
importantly, it asserted the value of listening to users, rather than relying on “rationalistic, impersonal, and 
quantitative forms of corporate knowing.” (Irani 2018)
On the flip side, design thinking can be prescriptive. The history of design reveals the tension between 
focusing on problems versus process. Far from a methodlessness that creates an “epistemic freedom” for 
“a multiplicity of critical voices batting a problem around unknown terrain until it formed itself, or not, into 
some kind of resolution,” as once imagined by designer Horst Rittel, design thinking lays out a five-step 
process (Gram 2019). Yet, how can one method “fix” wicked or challenging social problems that are context-
specific, ambiguous, and lack universal means of resolution? In addition, by embracing design thinking, we 
are embracing design thinkers. This often results in problems being “resolved” by inviting outsiders in, as 
opposed to employing internal consensus-building. In this way, design thinking threatens to devalue older, 
customary, local, blue-collar, unionized approaches to problem solving.  
6.1.2. User-centered design
Coined by Rob Kling in the late 1970s, user-centered design was popularized by Don Norman in the 1980s.
According to Gould (1985), key principles of a user-centered approach to product usability are an early 
and sustained focus on engagement with users, empirical product use measurements, and an iterative 
development process that includes prototyping and testing. Sturm (2019) expounds, writing that “(User-
centered design) enables the creation of useful and usable products by significantly involving users 
throughout an interactive software development process. The approach focuses on the users’ needs, wants 
and goals, as well as their perception and responses before, during and after using a product, system or 
service.”
User-centered design employs a number of strategies at different stages in the development process 
to optimize products based on users’ preferences. While exploring user needs, a designer may engage 
in participant observation, interviews, diary studies, and/or experience mapping. The designer might 
synthesize and humanize user insights through employing personas. 
To refine a design, a designer creates a series of prototypes. These change form over the course of the 
design process. Prototypes may include paper prototypes, Wizard of Oz prototypes6, video prototypes, and 
mock-ups. Since each prototype tests a hypothesis about a design decision, it is usually most efficient to 
front-load the hardest questions about use and utility into the earliest prototypes. 
6 Wizard of Oz prototyping is a design methodology used in rapid product development to improve the user experience. Once the prototype has been 
 created, developers use role playing to test how end users will interact with the product.
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To evaluate a prototype, a designer may plan usability studies (such as think-alouds, card-sorting, eye-
tracking, first-click testing7, and task scenarios), surveys and interviews, focus group discussions, feedback 
from experts (such as peer critique, and dogfooding8), comparative experiments (also known as A/B testing9), 
participant observation, and simulation or formal models in an assessment. These evaluation methods 
could be moderated or unmoderated, take place remotely or in-person, and conducted for explorative, 
evaluative, or comparative purposes. 
Each method has its benefits and shortcomings. During interviews, for example, there is often a significant 
difference between what people self-report in a lab and how they actually engage with an ICT when they 
are not being observed. In general, quantitative metrics (including use data, error rates, task completion 
time, number of log-ins per week and session duration – especially over time) are helpful for understanding 
how people interact with a tool and qualitative data are helpful for contextualizing and understanding why 
they are using it. Some other factors to consider when selecting methods are their reliability, generalizability, 
realism, comparison, and the amount of time and work involved for participants. After testing each 
prototype, usability issues are often categorized as critical, serious, or minor. The results inform the design 
of the next iteration of the prototype. 
It is worth mentioning some limitations and critiques of user-centered design. Many of these information-
finding activities are criticized for mining end users, extracting as many insights as possible for power/
knowledge (Foucault 1977). Under the guise of “improving user experience,” for example, A/B testing 
increases the decision-making power of product managers, who learn how to manipulate users and who 
have motives (i.e., ensuring a profit) that extend beyond customer satisfaction (Costanza-Chock 2020). 
This has the ripple effect of shaping the user base, which determines who reaps the benefits of the ICT. In 
addition, user-centered design assumes that users are unmarked (stripped of their intersectional identities) 
and somehow universal. In its constant averaging of data, it builds tools that privilege the majority of users 
– usually the dominant groups – at the expense of people on the margins, who are considered edge cases.
6.1.3. Human-centered design
Human-centered design, which was popularized by IDEO.org, can be considered both a mindset and a 
methodology. It is frequently applied in the private sector and its use has started to gain traction in the 
international development sector as well.
The standard ISO 9241-210: 2019 describes the main principles of human-centered design as: (1) understanding 
user needs and providing a use context; (2) involving users; (3) including evaluation by users; (4) iterating 
development solutions; (5) addressing the whole user experience, and; (6) employing a multi-disciplinary 
design team (ISO 2019). Human-centered design advocates for a design process that starts with people, 
addresses a problem, and designs with, not for, end users.
There are three phases of human-centered design: inspiration, ideation, and implementation. It also requires 
thinking about what is at the intersection of desirability, feasibility, and viability.
One distinction between human-centered design and user-centered design is, obviously, the name. By 
calling people “humans” instead of “users,” human-centered designers aim to encourage empathy by 
recognizing humanity, rather than treating people as mere parts within the technical system (Baron-Cohen 
2011). Recognizing the humanity of users also reminds designers to examine a user’s needs in a broader 
context. It is one thing to examine the needs of ICT users, which will likely result in the development of a 
technical solution to meet that need. It is another thing all together to examine the needs of humans, for 
whom a solution to a particular challenge may not be an ICT at all.
7 First Click Testing examines what a test participant would click on first on an interface to complete an intended task
8 “Dogfooding” refers to the use of a newly developed product or service by a company’s staff to test it before it is made available to customers.
9 After A/B testing digital agricultural extension services in Ethiopia, for example, the share of users who accessed agricultural content increased from 
 52% to 63% (Kremer 2020).
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6.1.4. Inclusive design
In User Friendly: How the Hidden Rules of Design Are Changing the Ways We Live, Work, and Play, Cliff 
Kuang writes, “The commonalities in design that technology has been driving toward, in an effort to make 
things easy to use, have finally run aground on the truth that we’re not all the same person.” (Kuang 2019)
Inclusive design was developed around the kernel of this very idea. It enables and draws on the full range 
of human diversity, with principles that include: (1) recognizing exclusion; (2) learning from diversity, and; (3) 
solving for one, extending to many (Microsoft 2020).
In particular, inclusive design emphasizes a one-size-fits-one approach. Rather than trying to create one 
design that works for everyone, it produces designs that can be used in a diversity of ways by a diversity of 
people. “The signature trait of an inclusive solution is how it adapts to fit each unique person,” wrote Holmes 
(2018). The United Kingdom’s National Autistic Society’s website, for example, has an option for visitors to 
toggle between “vivid” and “calm” color modes (National Autistic Society 2020).
Personalization serves as an important part of inclusive design, with the automation of personalized 
interfaces considered to have some potential (Findlater 2004; Kuang 2019).
6.1.5. Value-sensitive design
Value-sensitive design is a design methodology that makes the wellbeing of humans and the natural 
world the most prominent or important feature (Yoo 2013; Friedman 2019). The concept was developed by 
Batya Friedman, who defines values as “what is important to people in their lives, with a focus on ethics 
and morality.” Her premise rests on the fact that values are embedded within the features of a tool or ICT. 
A cookie embedded on a webpage, for example, values the convenience of personalization over privacy. 
Cell phones value 24/7 access to family, friends, and work over being left alone. Parenting software that 
tracks teenagers’ whereabouts values child safety and adult responsibility over teenagers’ autonomy and 
independence. Electronics that are designed for obsolescence value profit and a growing economy over 
product durability and environmental sustainability. 
Note that value-sensitive design itself values universal applicability. It is technology-agnostic and value-
agnostic so designers can apply it to any domain and can use it with stakeholders who hold any values. 
Stakeholders can be direct (end users) or indirect (people affected by the technology), including non-
human actors such as heritage buildings, mountains, and non-human species. Value-sensitive design 
has already been applied to domains as diverse as care robots in health settings (van Wynsberghe 2013), 
empowerment and marginalization in crowd-work (Deng 2016), cross-cultural design with a transnational 
population, (Alsheri 2019) and in a transition to solar energy (Mok 2018). 
While value-sensitive design places the values of the most affected stakeholders at the center of the 
process, value-sensitive design is sometimes critiqued for not taking a stronger stance on certain values, 
such as justice and sustainability. It examines what values stakeholders hold, as opposed to what values 
stakeholders ought to hold. 
Nevertheless, value-sensitive design serves as an example of the types of design methodologies that might 
become more common in light of the growing pushback against harmful technologies, as evidenced by 
movements such as #TechWontBuildIt. The current modus operandi of design is to optimize for content 
and engagement – in other words, revenue. In the future, more attention might be paid to methodologies 
that design for the wellbeing of users, societies, and the environment, rather than for greater page views 
and longer session durations. 
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6.1.6. Design justice
Design justice is a design methodology that places those people who are often marginalized in the process 
of designing new and just ICTs to address social challenges at the center of the process (Costanza-Chock 
2020). A group of 30 people gathered at the Allied Media Conference in Detroit in 2015 to generate its 
shared principles. This led to the finalization of the principles in 2016, the formalization of the Design Justice 
Network in 2018, and the publication of Design Justice: Community-Led Practices to Build the World We 
Need in 2020. The key principles are as follows (Design Justice Network 2018): 
1. We use design to sustain, heal, and empower our communities, as well as to seek liberation from 
exploitative and oppressive systems. 
2. We center the voices of those who are directly impacted by the outcomes of the design process. 
3. We prioritize design’s impact on the community over the intentions of the designer. 
4. We view change as emergent from an accountable, accessible, and collaborative process, rather 
than as a point at the end of a process. 
5. We see the role of the designer as a facilitator rather than an expert. 
6. We believe that everyone is an expert based on their own lived experience and that we all have 
unique and brilliant contributions to bring to a design process. 
7. We share design knowledge and tools with our communities. 
8. We work towards sustainable, community-led, and -controlled outcomes. 
9. We work towards non-exploitative solutions that reconnect us to the earth and to each other. 
10. Before seeking new design solutions, we look for what is already working at the community level. 
We honor and uplift traditional, indigenous, and local knowledge and practices. 
Design justice embeds inclusivity, the goal of co-liberation, and reflexivity about designers’ power in its 
design process, particularly when considering the relationship between the designer(s) and the affected 
community. It encourages designers to think about who has power in the design process and what bene-
fits or harms technology use may bring to users as well as who stands to benefit or be harmed by its use. 
6.2. Inclusive design considerations of ICTs  
for food, land and water systems
As mentioned previously, standpoint shapes how people are able to access, use, and benefit from ICTs. This 
includes their ability to engage with different designs.
Five factors – education level and literacy, gender, physical ability, age, race, and prior exposure to ICTs 
– influence people’s preferences for the designs of ICTs. While described separately here, many of these 
factors overlap and intersect in practice. These design considerations are important to take into account 
when designing ICTs for food, land, and water systems, in particular, due to the diverse target audience for 
these technologies.
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While the provided examples are from areas other than food, land, and water systems, they offer us the 
opportunity to learn from other experiences as the digitalization of food, land, and water systems progresses, 
ideally inclusively and equitably.
6.2.1. Education level and literacy
Neuroplasticity describes how brains are malleable, not fixed. Brains differ and alter in both structure 
and physiology in response to how we use them (Paul 1972; Elbert 1995; Pascual-Leone 1995; Sadato 1996; 
Maguire 2000; Doidge 2007). 
Attending school and learning to read have profound impacts on the brain (Ostrosky-Solis 2004; Wolf 
2007), resulting in differences between how literate and non-literate people understand language, process 
visual signals, reason, and form memories (Carr 2010). The impact of literacy is reflected in different spheres 
of cognitive functioning, and learning to read reinforces and modifies certain fundamental abilities, such 
as verbal and visual memory, phonological awareness, and visuospatial and visuomotor skills. (Ardila 2010).
Ardila wrote that “Functional imaging studies are now demonstrating that literacy and education influence 
the pathways used by the brain for problem-solving. The existence of partially specific neuronal networks 
as a probable consequence of the literacy level supports the hypothesis that education impacts not only 
the individual’s day-to-day strategies, but also the brain networks.” 
This, in turn, results in differences between how literate and non-literate people interact with ICTs. 
Understandably, non-literate people and those with lower rates of literacy struggle to interact with text-
heavy user interfaces. This leads people with less literacy to avoid the more complex functions of phones, 
such as texting or engaging with apps – using them predominantly to make voice calls (Medhi Thies 
2015). A lack of education and/or literacy has effects that span beyond an individual’s ability to read. A 
study of 400 low-literacy, low-income people in India, the Philippines, and South Africa identified more 
nuanced issues that mediate how users interact with computing technologies. These included cognitive 
difficulties, collaboration, cultural etiquette, experience and exposure, intimidation, mediation, motivation, 
pricing, power relationships, and social standing, among other factors (Medhi 2010). An example of such a 
cognitive difficulty is the degree to which non-literate people have more trouble naming two-dimensional 
representations (such as in drawings or photographs) of common objects compared to literate people (Reis 
2001) and how those people who are non-literate or who have a low-level of literacy have more trouble 
navigating hierarchical menus (Medhi 2010). An example of cultural etiquette as a factor would be that 
users without any formal education rarely criticize technology projects – even in participatory settings 
and even if the systems are intentionally designed to be obviously bad, which results in a survey with 
participant response bias (Dell 2012). Intimidation, in this context, occurs when people with a low literacy 
rate and who have low incomes experience a greater degree of discomfort when using a technology (e.g., a 
cellular phone) that looks more expensive than one they might be able to afford (Medhi 2010). An example 
of “experience and exposure” would be the difficulty that people with low literacy levels experience when 
interacting with touch screens. This may be, according to researchers, from a lack of fine motor skills, which 
can be developed by writing with a pen or pencil (Katre 2010).
The preferences of people who have varying levels of education and literacy must be taken into account in 
the design of ICTs if these new technologies are to be accessible to these populations. A few relevant areas 
of research, so far, have evaluated the inclusion of pictorial interfaces, conversational and voice-activated 
interfaces, linear menus, and icons designed to reflect local meaning in making technology more accessible 
(Pejovic 2019). 
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6.2.2. Gender
Throughout the history of industrial design, the implicit assumption has been that the default human user 
is male. Standard hand tools, such as wrenches, are the perfect size for a man’s hand, but are too big for 
a woman’s hand to grip tightly. An A1 architect portfolio fits nicely under most men’s arms, while most 
women’s arms can’t reach around it. Personal protective equipment – from eye masks to body armor – 
is reported by 95% of women surveyed to be so ill-fitting that it hampers their work (Criado-Perez 2019). 
The lack of consideration for women in design has important implications. Not only for women’s ability to 
participate in and have a sense of belonging in the world, but also for their safety. Women have historically 
been considered “small men” in industrial design (Goldberg 2003; Sims 2019), despite anatomical differences 
that extend beyond size, such as their muscle mass distribution, bone density, vertebrae spacing, and their 
potential for pregnancy.
Since the practices of industrial design laid the foundation for other design disciplines, this failure to design 
for women now persists in not only the design of the physical world, but also in the design of the virtual 
world, including software and hardware development. Smartphones are too big for a woman’s hand, for 
example, and smart watches are too big for a woman’s wrist. Also, speech emotion recognition models are 
more likely to accurately recognize male speech samples than they are female speech samples (Gorrestieta 
2019). 
Beyond anatomical differences, research shows that different genders perceive and interact with ICTs 
differently. While gender exists across a spectrum, most of the following studies examine the behaviors of 
women and men as binary.
Motivations for using technology. Men and women tend to use ICTs for different reasons – and the 
motivational divergence is discernable from a young age. As early as third grade, boys view computers as 
toys for play and girls view computers as tools for accomplishing a task (Cassell 2002). When asked why he 
was attending an inner city after-school computer program, one boy responded, “It’s fun. I mean, there are 
all these computers for me to play with.” When asked the same question, one girl responded, “Well, I really 
think this is a good opportunity for me to better my situation in life and I believe that I can get a better job if I 
know how to use a computer.” These attitudes seem to persist through adulthood, with implications for the 
types of ICTs created for boys and girls. “When educators with software design experience were asked to 
design software specifically for boys or for girls,” Cassell wrote, “they tended to design learning tools for the 
girls and games for the boys. When they were asked to design software for generic ‘students,’ they again 
designed games — the type of software that they had designed for boys.”  
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Cognitive styles. Several cognitive styles are linked to gender, which shape how men and women engage 
with ICTs (Burnett 2016; Vorvoreanu 2019): 
Confidence about using unfamiliar technology. Women tend to rate their confidence when using 
new computers or technologies lower compared to that of their overall peer group and lower than 
men tend to rank their own confidence level.
Attitude toward risk when using technology. Women tend to be more risk-adverse when using ICTs 
than men, who are more risk-tolerant.  
Information processing styles. Women tend to prefer gathering information comprehensively to 
solve problems, whereas men gather information selectively.  
Learning styles for new technology. Women tend to prefer process-oriented learning, whereas men 
tend to prefer learning by tinkering--sometimes to excess.  
Attitudes toward technology and features. The differences between women and men’s cognitive styles 
also manifest as differing attitudes toward ICTs and digital features. In a study of 3,000 programmers 
(Burnett 2010):
Women reported using fewer applications (feature sets) at work than men. They are more feature 
conservative, agreeing more with survey statements such as “I only learn the technology I have to 
know to perform my duties.”   
Women were more enthusiastic about avatars that provide tutorials or assistance within a piece 
or suite of software than men. This could stem from women’s inclination toward a process-oriented 
learning style, whereas men indicated more interest in tinkering and independently exploring new 
features.  
Women were less enthusiastic than males about piloting new technologies, agreeing less with 
statements like “I enjoy piloting/dogfooding next-generation technology.”  
Women were neutral in their responses about learning technology only if needed, but men 
tended to disagree with this statement. Notably, among male and female hobbyists, who by 
definition enjoy exploring technologies for fun, women request more beginner-level features and 
starter kits than do men.  
Overall, the female programmers were less confident than male programmers in their expertise. This has a 
profound impact on people’s engagement with ICTs, since confidence is significantly correlated with one’s 
propensity to explore new technologies.
Note that this was a study of programmers – demonstrating that gendered differences in attitudes toward 
ICTs exist not only among users, but also among technologists.  
Preferences for user interface. Men and women may have different preferences for user interfaces. Female 
and male designers produce different-looking user interfaces, for example. Female and male end users 
tend to prefer designs created by designers of their own gender (Moss 2006). This speaks to the importance 
of female representation in user interface design, when most digital tools are created by men. 
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Language. Female designers tended to be more conversational and informal in their use of language 
than male designers, who used more professional and assertive language.
Color. Female designers tended to use more colors and brighter colors, whereas male designers 
gravitated toward fewer colors and favored using grayscale.
Layout and data structure. Female designers tended to create organic-looking, amorphous shapes 
that fill the screen, whereas male designers employed more rigid, sharp edges in a condensed layout.
Online and mobile behaviors. Women and men exhibit difference in their online behavior. Maudlin (2020) 
used eye-tracking to compare how male and female foresters in the United States engaged with a climate 
decision-support system. She found that male visual fixation patterns were focused on the center map 
in the application, while female visual fixation patterns focused predominantly on a variety of the tool’s 
features, such as dropdown menus and map layers, rather than the center map. Before the study started, 
Maudlin found men were more likely to look at the map; women were more likely to read the text on the 
application’s homepage.
On Pinterest, for example, one study found women were more likely to post reciprocal social links than men. 
They also tended to curate generalist content, while men tended to curate specialist content (Ottoni 2013).
Another example of these differences in interactions, within one recipe website, a greater percentage of 
female users were found to scroll up and down the page, browse through different categories of food 
recipes at the top of the screen, and, on average, visit six recipe pages or more (Margalit 2014). This suggests 
that women visiting the recipe site were open to exploration and were patient in searching. On the other 
hand, men visited a maximum of three pages, concentrated on the ingredients in a given recipe and how 
to prepare the dish. They also tended to read more comments from other visitors. This suggests that men 
visiting the recipe site had a very focused intent and perhaps had trouble interpreting the recipe.
In examining mobile device interactions, a study of the gender gaps in engagement with smartphone 
features in India found that men and women differ in the ways they make calls, receive calls, use SMS, 
access the Internet, use social media, enjoy entertainment, and use applications (Barboni 2018).
In short, women and men may interact with and experience ICTs differently due to different physical, 
cognitive, sensory, and societal factors. Because men are sometimes viewed as the “default human,” 
women’s preferences risk being marginalized by ICT design. 
6.2.3. Physical ability
It is also important to take into account the preferences of people of all abilities during the design process. 
Most video game controllers, for example, require two hands to play. Using the small keyboard and buttons 
on a touchscreen requires an individual to have good fine motor skills, which are almost universally lost 
with age. A data visualization featuring reds and greens requires people to have trichromatic vision, 
when approximately 8% of Caucasian men and 0.5% of Caucasian women experience some form of color 
perception deficiency. 
The social-relational model of disability distinguishes between “impairment” and “disability.” (Oliver 1990) 
Impairment refers to the attributes of a person’s body (similar to the medical model of disability). Disability 
refers to a mismatch between the design of the environment and the needs of a person with an impairment 
(Holmes 2018). Bad design “actively disables people through unnecessary exclusion.” (Costanza-Chock 
2020)
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The tireless advocacy of many disability activists has led to the creation of some standards to address these 
issues, such as the Web Content Accessibility Guidelines 2.1 (Web Content Accessibility Guidelines 2018). ICTs 
are required to meet – but will hopefully go beyond – these standards, ensuring that websites can be used 
by people of all abilities. Inclusive design advocates for a one-size-fits-one (not one-size-fits-all) approach. A 
truly inclusive design, thus, accommodates many different means of engaging with a technology for many 
different end users.
6.2.4. Age
Age shapes how people interact with ICTs in numerous ways. First, there are motivational differences. 
Younger agricultural extension agents, for example, were more eager to learn about the Farmbook 
application than were older extension agents (Tata 2016). For youth engaging in the digital economy, 
intrinsic motivations include passion, enjoyment, creativity, self-expression, meaning, progress, and skill 
development, while extrinsic motivations include financial and social rewards (Lombana-Bermudez 2020).
There are also age-based differences in digital skills. Younger people have been found to demonstrate 
greater digital skills proficiency than older people (Hargittai 2002; Soomro 2020). Some attribute this finding 
to the increased difficulty of learning how to use ICTs when one is older. Others suggest that older people 
may have started using ICTs only recently and, because late adopters are often older, they have had less 
time in which to practice their digital skills.
There are use discrepancies also based on age. The larger the population of people between the ages of 
15 and 64, the greater the percentage of African households who use the Internet (Aikins 2019). In Nanjing 
(China), Internet usage was similarly linked to age (Chang 2016). Younger people tended to use the Internet 
more than older people. Youth also tend to use the Internet in a greater variety of ways. ICTs offer new 
capital-enhancing opportunities. From video blogging to music production to art creation to podcasting 
to coding to gaming, youth are more frequently economic actors in networked, online communities 
(Lombana-Bermudez 2020). These “prosumers” not only consume digital content, but also produce it (Toffler 
1980). Their user-generated content creates a new form of capitalism – reoriented away from scarcity and 
toward abundance, away from paid labor and toward offering products at no cost (Ritzer 2010). And far from 
launching their content into the void, youth prosumers curate others’ content and also form relationships 
with communities of influencers and followers.
Design considerations related to age are largely linked with physical ability. We will all experience vision loss, 
hearing loss, and loss of motor control as we age. Worsening vision may require larger font sizes for older 
users just as hand tremors may require larger buttons and forgiving, clear methods for error correction. 
Older users may also benefit from training when introduced to new technologies.
6.2.5. Race
There are countless examples of how ICTs uphold white supremacy – coined “the New Jim Code.” (Benjamin 
2019) As mentioned previously, Buolawmwini (2018) demonstrated how commercial facial recognition 
software is predominantly trained on male (78%) and white (84%) faces. This is one of many racial biases 
encoded into facial recognition software that researchers have found. Buolawmwini also found lighter-
skinned males are up to 44 times more likely to be correctly classified than darker-skinned women. States 
and companies may use and benefit from facial recognition software, but this technology has the potential 
to misidentify suspects, prevent citizens from getting passports or crossing borders, or prevent certain 
people from unlocking their own phones. 
In light of Buolamwini’s research and the Black Lives Matter movement in the United States, IBM, Amazon, 
and Microsoft have all announced some temporary rollbacks in deploying their facial recognition software 
(Kaye 2020).
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While this report primarily focuses on end users (direct stakeholders), ICTs also have indirect stakeholders: 
people who do not use the ICTs themselves, but who are affected none the less. Northpointe’s Correctional 
Offender Management Profiling for Alternative Sanctions (COMPAS) algorithm, for example, was used 
in the United States criminal justice system to predict recidivism, which is the likelihood of a defendant 
committing another crime. Unfortunately, “black defendants were far more likely than white defendants to 
be incorrectly judged to be at a higher risk of recidivism, while white defendants were more likely than black 
defendants to be incorrectly flagged at low risk.” (Larson 2016)
Noble (2018a; 2018b) writes about an ICT that hits much closer to home: Google. In 2009, Noble typed 
“black girls” into Google’s search engine. The first page of results was rife with sexually explicit content, 
including a pornography site that was returned as the top hit. In 2013, she found similar trends when using 
the search terms “Latina girls” and “Asian girls,” but not “white girls.” Noble describes how Google – among 
other search engines, which control representation – are co-opting Black identities, reinforcing both racism 
and sexism (Noble 2018a). Google has since tweaked its search algorithm, but search results continue to 
perpetuate stereotypes. In 2016, the search for “three black teenagers” returned mugshots whereas the 
search for “three white teenagers” returned wholesome, all-American photos (Noble 2018b).
In an ethnographic study of three American schools, digital skills were perceived and rewarded differently 
by teachers (Rafalow 2018). At a private school serving primarily wealthy white youth, teachers applauded 
students’ digital work, translating their digital skills into cultural capital and treating these skills as essential 
for success. At a public school serving mainly middle-class Asian youth, teachers viewed students’ digital 
skills as a threat to their school, citing concerns of hacking and cheating. They introduced surveillance 
software and monitored students’ digital connections – even disciplining students based on their text 
messages. At a public school serving mainly working-class Latinx youth, teachers perceived digital skills as 
irrelevant to school, instead prioritizing basic skills that could get them factory jobs. Needless to say, these 
different responses to digital use have profound consequences for social mobility.
While these examples mostly describe white supremacy, ICTs can encode the biases of racial hierarchies 
against any marginalized race. For instance, “people of color” is a common term in the United States, 
but there are different racial hierarchies in other countries and contexts, which may not define race in 
relationship to whiteness at all.
6.2.6 Prior exposure to ICTs
People without prior exposure to ICTs have a steeper learning curve when adopting a new technology. They 
might not, for example, recognize visual symbols such as the “play” or “pause” buttons commonly used on 
videos. They may also be more afraid of making errors or breaking the ICT. 
Furthermore, user-centered technologies are typically designed to reflect people’s mental models of the 
physical world. Apple – after a visit to Xerox PARC – modeled the screens of its personal computers after the 
concept of a physical desktop, for example (Kuang 2019). An Apple user could stack 2D windows atop each 
other as they would place papers in a pile on their desk in the physical world. Thus, Apple leveraged useful 
metaphors such as “folders” and “trash” in their products, which were intuitive to users who organized their 
papers in folders and threw stuff in the trash already. People who do not have much prior exposure to ICTs, 
however,  and especially those who have not personally engaged with physical items such as desktops and 
folders, would need not only to learn the steps for navigating the new technology itself, but would also need 
to learn seemingly abstract and arbitrary information organizational concepts in the process. 
When it comes to user involvement in the design process, those people who have not had much exposure 
to ICTs may not have the vocabulary to comment on user interfaces’ utility and may have more difficulties 
imagining alternative designs (Pejovic 2019). 
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6.3. Current trends in ICTs for food, land, and water systems
Many ICTs for food, land, and water systems focus on the heuristic functioning of ICTs and researchers’ 
perceptions of users’ needs rather than seeking to engage users during the design process (Prost 2012; 
Ditzler 2018; Kragt 2014; Hewitt 2017). In a review of digital citizen science tools, for example, Andrachuk (2019) 
found that only 15% of developers reported that they involved users in the design process. Skarlatidou (2019) 
wrote, “In citizen science, digital technologies are often developed without (human-computer interaction) 
principles and methodologies in mind. Thus, it is not surprising that many citizen science applications fail or 
cause problems for researcher and users. These problems can impact adoption, continuous participation, 
data quality, and other aspects.” These problems can also result in mismatches between “the context in 
which a technology is created and the context in which it is meant to be used” (Pejovic 2019). Dodson (2013) 
similarly concludes that these “top-down, technology-centric, goal-diffuse approaches to (ICTs) contribute 
to unsatisfactory development results,” since these tools and technologies are often developed without 
understanding the local context or involving end users. This has serious implications for the usefulness, 
usability, and inclusivity of ICTs in food, land, and water systems and, consequently, their adoption.
The importance of usability for the adoption of ICTs for food, land, and water systems is well-documented 
(Rose 2017; Oyinbo 2020). User-centered design approaches are shown to improve the usability of ICTs 
(Andreasson 2015) since they enhance a technology’s ability to meet its’ users’ needs and to be integrated 
into institutional structures, as opposed to a one-size-fits-all or “systems requirements” approach to design 
(Ssozi-Mugarura 2017; Champanis 2012). User involvement in the design process, in particular, helps to 
improve design at all levels – including perception and cognition, interface and task, platform and social 
network (Houghton 2019) – as well as overall system success (Bano 2015; Ssozi-Mugarura 2017; Sturm 2019).
User-centered design has begun to gain traction in the creation of ICTs for food, land, and water systems. 
Within the field of digital agricultural extension applications, user-centered design (specifically co-design) is 
one of two cornerstones of its innovation agenda (Steinke 2020). A user-centered design process was used 
to develop a system called Ushauri, for example, which provides farmers in Tanzania with agricultural advice 
about groundnuts (Ortiz-Crespo 2020).
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For climate information services, Bouroncle (2019) found that co-produced ICTs in Colombia and Guatemala 
received higher usability scores than those produced by single organizations. Muller (2020) examined the 
non-technical factors that are shaping the non-use of climate information services in Guatemala, including 
attitudes toward climate change, bureaucratic structures, centralized budgeting/planning, renegotiation 
due to political instability, and failure avoidance.
In the area of citizen science, van de Gevel (2020) outlines how citizen science is conducive for participatory 
research, which offers a potentially fertile space for promoting user-centered design and participation in 
agricultural research.
These applications exemplify the interest in and potential of user-centered design and other design 
methodologies, notably co-design/participatory design, when creating ICTs for food, land, and water 
systems. As ICTs are designed to fit local contexts, they can also be linked to other localized ICTs, thus 
enabling larger-scale collaboration and collective action. Awareness of inclusivity and equity during the 
design process is critical for producing more inclusive and equitable ICTs for food, land, and water systems.
6.4. Considering inclusion and equity when designing  
ICTs for food, land, and water systems
6.4.1. Inclusion and equity in the design process
Many ICTs for food, land, and water systems are designed without involving the end user or placing her 
at the center of the design, which negatively impacts adoption rates. This suggests a need to transition 
from waterfall, expert-led design processes toward more inclusive, iterative processes inviting end user 
participation. This is particularly important when many designers of ICTs for food, land, and water systems 
come from outside the communities of target end users. Even if there is increased user participation, much 
of the decision-making power risks lying outside the group that will be most affected by the ICT. Traditional 
software design methodologies (such as agile) may need to adapt production roles to address power 
asymmetries between technologists and users and to more ethically distribute decision-making power 
(Dearden 2010).
Just as ICTs are not always the solution to a problem (tech-solutionism), applying a certain design 
methodology is not always the best means of addressing a problem. While certain design principles may 
help ameliorate an issue, they should not be privileged over alternative or local forms of problem solving. One 
critique is that design methodologies are often assumed to be universal – hence their export or imposition 
from the Global North to designers in the Global South. This is a particular problem in light of how design 
has historically been wielded to secure capital for American design firms when faced by competition from 
designers abroad (Irani 2019). This has resulted in calls to decolonize both design and computing (Ansari 
2019; Ali 2016; Irani 2010).  In the words of one interviewee, “[Human-computer interaction for development] 
is about breaking out of these rich, white, male, U.S. systems into all kinds of other systems. What would a 
tropical computing environment look like?” (Dell 2016)
More technically, there are also challenges associated with applying design methodologies to rural regions 
and different cultural contexts. While many ICTs are designed, developed, and tested in a lab, ICTs for food, 
land, and water systems must be designed and evaluated in real-world settings (in-situ) to ensure usability. 
In rural areas, however, traditional user-centered design methods – such as focus groups, think-alouds and 
shadowing – can be problematic (Sturm 2019). Dearden (2018) explains how design methodologies from 
the Global North “rely upon certain assumptions about how users and developers can interact and discuss 
ideas that are not necessarily valid in developing world settings.” He cites, for example, how the spoken 
word is privileged in design processes. Designers often transcribe these interviews with potential users. In 
contrast, designers are rarely instructed in how to interpret non-verbal signals, especially those that occur 
in a cross-cultural exchange or environment. 
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A growing body of literature examines how to design and evaluate ICTs in-situ. (In-situ is sometimes 
referred to as “in the wild” despite criticism for using such a biased phrase (Ssozi-Mugarura 2016). One 
recommendation for improving the usability of ICTs for food, land, and water systems is to expand the 
education and purview of a technologist beyond a narrow, technical focus (Blake 2006) and toward a 
facilitation role. Another suggestion is for technologists to create spaces in which value-sensitive design 
(Yoo 2013) or co-design with local communities can occur (Ssozi-Mugarura 2017; Hewitt 2017). One of the 
most common recommendations is to adapt the design/facilitation process – in addition to the ICT itself 
– to the context. When designing within a patriarchal society, for example, it is important to understand 
the systemic challenges that women face, since design occurs against this backdrop (Sultana 2018). In 
these cases, women in conservative societies may be more comfortable participating in design activities 
if there is at least one female facilitator present (Anokwa 2009). Also, although verbal hypotheticals are 
frequently used in usability testing, they may be more effective if they are adapted and represented using 
physical prototypes (Vitos 2017). ICTs could also be better contextualized as socio-technical systems with a 
wider range of focus than the technology itself and a wider range of actors than just end users (Kim 2011; 
Andrachuk 2019).
A critique of many common design methodologies – such as user- and human-centered design – is that 
there is a focus on the preferences of individual end users (Kuang 2019). It is difficult to enact lasting social 
change – such as the United Nations Sustainable Development Goals – through ICTs when they cater to the 
current preferences of individual users, rather than the current needs of or future aspirations for society. 
How do we weigh the convenience of a technology for an individual user against the wellbeing of society? 
Furthermore, user- and human-centered design privileges not only individuals, but also humans as a 
species. What would more-than-human design look like, taking into account the wellbeing of non-human 
species and non-living things? (Wright 2020)
6.4.2. Inclusion and equity in the resulting ICTs
It is possible for exclusion and inequities to be embedded directly into ICTs for food, land, and water systems. 
This can occur for a number of reasons.
The ICT’s business model and user interests may be misaligned. The former, for example, usually demands 
scaling and growth. In the case of many social media platforms, the desire for growth resulted in the business 
decision to make them free to use – instead, they rely on ads for revenue, while monetizing users’ clicks and 
attention. Unfortunately, this ad-tech business model means that social media platforms are motivated 
to design for users’ constant engagement. They may embed dark patterns – such as alerts, quantification 
numbers and eye-catching colors – to “[hijack] our psychological vulnerabilities” and manipulate users to 
compulsively use the platform (Thomson 2019). These techniques have become especially prevalent since 
the rise of smartphones. One interviewee observed, “There’s a fundamentally adversarial relationship 
between the goals of the coders and designers and those of their users.” While this is not true of all business 
models, it speaks to the manipulation that can arise when a business model does not align with users’ 
interests.
Even if an ICT has certain affordances10, standpoint shapes whether they are perceptible or available to 
a given end user (Costanza-Chock 2020). Someone who had access to a formal education will likely be 
better able to access a text-heavy user interface than someone who has a low level of literacy or is non-
literate. Someone who has spent more time in urban or technology-intensive settings may be more familiar 
with symbols such as the “send” arrow or a “done” checkmark than someone with less exposure to the 
iconography of globalization. Singular ICT designs are not universal, which risks generating inequitable 
outcomes.
10 Affordances are properties of objects which show users the actions they can take. Users should be able to perceive affordances without having to 
 consider how to use the items. A button on an application, for example, can be designed to look as if it needs to be turned or pushed.
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ICTs can be extractive. Compared to earlier development paradigms, ICTs for development create a “newly 
intensified role for individual participants.” (Chan 2014) They promise to extract productivity not only from 
urban or elite people, but also from rural and indigenous populations, resulting in many “encounters” 
between local and global (Tsing 2004). “Subjects who had once been held as the abject other to modern 
universalizing projects could now be given the chance to emerge as model global participants instead.” 
(Chan 2014) While increased participation in development can be positive in certain cases, whether it is 
indeed actually positive relies on how meaningfully people are able to participate and whether their 
participation yields benefits or harms. It is one thing if one is empowered to make decisions about their 
community’s future through ICT use, but it is another thing all together if that individual is having their 
activities mined for data or used to generate ad revenue.
6.5. Visions for designing ICTs for food, land, and water systems
Design processes can be made more inclusive and equitable in a number of ways. These could, in turn, 
improve the inclusivity and equity of ICTs for food, land, and water systems.
Within the design process of ICTs for agriculture, designers hold a lot of power. They are sometimes even 
called “wizards,” “unicorns,” “ninjas,” or “rock stars” in their job descriptions (Wachter-Boettcher 2017). 
Even in participatory design processes, participants may lack the confidence or digital skills to articulate 
their needs, preferences, and aspirations. User-centered design processes could be improved if the role 
of a designer shifts away from being a “rock star” and moves toward being a facilitator. This serves two 
purposes. First, it makes tech more welcoming to more diverse types of people, including some who may 
not consider themselves as special and superior as those lofty job descriptions seem to suggest. It also 
redistributes power within the design team, which decreases the authority of professional designers and 
increases the authority of end users. In the words of Digital Democracy Director Emily Jacobi, “At Digital 
Democracy, we try to fight the superhero narrative. We are sidekicks rather than superheroes.” How would a 
“sidekick” designer collaborate with local communities to co-create ICTs for food, land, and water systems? 
Also, within the design process of creating ICTs for food, land, and water systems, design teams could 
actively seek out diversity. A more diverse design team reduces the likelihood that the ICT will suffer from 
embedded biases and cause harm. It may also help stakeholders feel more comfortable when interacting 
with the design team. Design teams can also redefine their metrics for success. Many ICTs are built within 
the logic of surveillance capitalism. That is, they link social good to benefiting a corporate system based 
on profits and a search for investable novelties (Irani 2019). Other design teams emphasize engagement 
over wellbeing. They may mistake efficiency for effectiveness, often dismissing useful ambiguities or slow 
processes, such as trust- and consensus-building, to save time. In the 1980s, the evaluation of system success 
shifted from tech-oriented metrics (e.g., ‘is it working?’) to more user-oriented business metrics, such as 
number of registered users and session duration. Now, there is a need to shift to real-world, outcome-
oriented metrics, such as indicators for quality of life and environmental sustainability. In the words of artist 
Jenny Odell, “Living between the mountains and this hyper accelerated, entrepreneurial culture, I can’t help 
but ask the question: What does it mean to construct digital worlds while the actual world is crumbling 
before our eyes?” (Odell 2019)  
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Regarding design methodologies and applications more generally, design – at its core – is about imagining 
the future(s). Decolonizing design requires welcoming more people into collaborative design processes, 
as per Ezio Manzini’s vision for “cosmopolitan localism.” (Manzini 2015) It also entails designing “a world 
where many worlds fit,” as the Zapatista movement in Mexico described it, and “heterogeneity of times, 
heterogeneity of worlds,” rather than reproducing the “one-world” project of neo-liberal globalization by 
imposing certain ways of knowing on individuals or privileging certain types of knowledge (Garcia Canclini 
1995; Escobar 2018; Mignolo 2011). How might the design of ICTs for food, land, and water systems create room 
for many avenues of social change, while crediting designers/innovators from more diverse backgrounds, 
and building people’s self-efficacy?11
Finally, it is important to remember the bigger picture. As Toyama (2015) described in his Law of Amplification, 
ICTs amplify social forces. He argues that we ought to view social issues less as problems to be solved – 
which could lead to creating technocratic, expert-driven solutions – and more as people and institutions to 
be nurtured, which could lead to ICT-enabled personal connections and collective action.
What social and planetary forces should ICTs for food, land, and water systems amplify? The answer to 
this question largely comes down to the people who will be affected by these technologies. As ICTs have 
become increasingly pervasive, there are also more opportunities to link them across localized contexts 
to facilitate larger-scale collective action for creating and fostering transformative food, land, and water 
systems.
11 Self-efficacy reflects confidence in the ability to exert control over one’s own motivation, behavior, and social environment.
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Lack of inclusivity and equity in ICTs has serious implications, as technologies are increasingly mediating 
access to information, jobs, communication, and – in this case – food, land, and water systems.
A few arguments about why inclusivity and equity matter when designing ICTs for food, land, and water 
systems.
7.1. Preventing a positive feedback loop that reproduces inequalities
Digital divides research has demonstrated that people have different abilities to access, use, and benefit 
from ICTs. If ICTs for food, land, and water systems are not inclusive, they risk creating an unintended 
positive feedback loop. Privileged people who can access the ICTs will reap the benefits, which will make 
them increasingly more privileged. Marginalized people who cannot access the ICTs will not be able to use 
or benefit from them; thus, they will become more marginalized. Of course, this argument assumes that 
using a given technology will indeed yield real-world benefits.
7.2. Social and psychological impacts of ICT usage
An interactional theory of ICTs posits that “human beings acting as individuals, organizations, or societies 
shape the tools and technologies they design and implement; in turn, those tools and technologies shape 
human experience and society.” (Friedman 2019) In other words, people shape ICTs and, then, they shape 
us in return.
The social and psychological impacts of ICT use are far-ranging. As a small sample, search engines such as 
Google reinforce racism and sexism (Noble 2018). Misinformation and disinformation campaigns threaten 
democratic elections (Allcott 2017). ICT use drives cultures to become more individualistic (Salehan 2018). 
Recommendation algorithms, such as those found on YouTube, steer viewers toward more inflammatory 
content, which may play a role in online radicalization (Ribeiro 2020). Artificial Intelligence takes a static view 
of human nature based on its training data – thus, “codifying the past,” including all of its inequities, rather 
than creating a more equitable future (O’Neil 2016). The consistent use of ICTs literally rewires our brains 
due to neuroplasticity. The alterations to this use range from shortened attention spans (Carr 2010) to lower 
levels of cognitive construal (Kaufman 2016). The lack of embodiment during digital experiences contributes 
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to a loss of sense of place (Meyrowitz 1986). Within international development specifically, the digital divides 
can cause rural partnerships to suffer and produce outcomes that are unsustainable, lopsided, and non-
participatory (Erdiaw-Kwasie 2014). The digital divides also pose challenges to disseminating information 
about the SDGs across technologically disparate environments (McEntee-Atalianis 2018).
ICTs galvanize positive social and psychological impacts, too. Marginalized people have historically lacked 
access to elite media spaces, for example; however, social media sites, especially Twitter, have helped 
individuals from these groups in sharing news and organizing (Jackson 2020). Video games improve visual-
spatial skills and Internet use improves our ability to multi-task (Carr 2010).
The downsides are worth mentioning, however, because they are less commonly discussed and often 
dismissed as “unintended consequences” – a term frequently used to dismiss the political and ethical 
concerns of ICTs (Parvin 2020). We must seriously consider the inclusivity and equity of ICTs for food, land, 
and water systems during the design process because they have profound impacts on both the psychology 
of individuals and of society.
7.3. Business justifications
In addition to the moral arguments for improving the inclusivity of ICTs for food, land, and water systems, 
there are also numerous business justifications (Holmes 2018). More inclusive ICTs increase customer 
engagement and contribution, which results in more meaningful use per user. They also help businesses 
and organizations grow a larger customer base, as technologies appeal to more potential users. They 
promote innovation and differentiation, both of which serve as comparative advantages over competitors. 
They also avoid the high costs of retrofitting inclusion. Retrofitting inclusion can be quite costly. Beyoncé’s 
management company, Parkwood Entertainment, was sued for discrimination because her website failed 
to comply with The Americans with Disabilities Act (Tariq 2019). The class action lawsuit claims that her 
website denies equal access to users with visual impairments. Domino’s was also sued because its website 
and mobile app were inaccessible to users with visual impairments (Hurley 2019). These are only two in a 
string of lawsuits against high-profile websites that do not comply with Web Accessibility Standards. 
7.4. Better outcomes for all
Designing for inclusivity supports not only marginalized end users, but also all end users throughout the 
different stages of their lives. Consider how physical ability changes over time. One can suddenly break a leg, 
suffer a concussion, or develop Carpal Tunnel Syndrome. Virtually everyone loses their hearing and vision 
with age. These physical changes can make certain ICTs unusable permanently, temporarily, or situationally 
(Microsoft 2020).
Designing ICTs for inclusivity can help accommodate users as their bodies and circumstances evolve over 
the years, which is especially important in light of the aging global population. This would have benefits for 
all users – from the parent carrying a baby, who only has one arm free, to the person preoccupied or running 
late, who can hold fewer items in their working memory. 
Able-bodied users regularly use many design features originally created for users with disabilities. High-
contrast screens were first designed for people with vision loss, for example, but are now widely used on 
all mobile phones because they can adapt to whether the user is standing in shade or direct sunlight. 
Closed captioning on videos was originally created for people with hearing impairments. The technology is 
now widely used for social media videos, because so many people scroll through their newsfeeds in public 
places where they might not be able to hear any audio. Web accessibility standards require that websites be 
navigable by keyboard for users who are unable to operate a mouse (Web Content Accessibility Guidelines 
2018). This led to the creation of the tab shortcut that many people now use to jump from button to button 
on a webpage. 
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Information and communications technologies (ICTs) – conceptualized broadly as “socio-
technical systems” – have ample potential to support food, land, and water systems as well as 
the Sustainable Development Goals; however, concerns about the inclusivity and equity of the 
technology merit attention, including who benefits, who controls their modes of production, and 
whose goals are served. This is especially pressing in light of technology’s low rates of adoption 
for use in food, land, and water systems.
The inclusivity and equity of ICTs for food, land, and water systems can be improved in several 
ways. Recommendations emerging from the digital divides framework are often top-down, 
including suggestions such as offering digital skills training or improving the affordability 
of mobile data and treating the technology as fixed. ICTs are neither neutral nor apolitical. 
This means that technologies – including those for food, land, and water systems – are more 
accessible, usable, and beneficial to some people compared with others, which translates into 
inequitable outcomes. Design can serve as a bottom-up strategy for improving the inclusivity 
and equity of technologies by building technological systems that place people’s needs, values, 
and aspirations as central to their creation and use. 
Design processes raise their own questions of inclusivity and equity. These range from how 
to equitably distribute decision-making power within the design team to how to tailor design 
methodologies, many of which emerged from the Global North, for different cultural contexts, 
many of which are rural settings in the Global South. Furthermore, users can be exploited if 
the business model of the technology is misaligned with a user population’s own interests; and 
some users may not perceive or be able to use certain aspects of a platform if it is not designed 
inclusively.
Lack of inclusivity and equity in information and communications technology risk creating a 
positive feedback loop, in which privileged people become more privileged and marginalized 
people become more marginalized. Technologies also have a range of social and psychological 
issues, which could – if these ill-constructed technologies continue to be developed without 
8. conclusion
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addressing these issues – further perpetuate inequalities. Business justifications for supporting design 
inclusivity include increasing customer engagement, growing a larger customer base, promoting innovation 
and differentiation, and avoiding the high costs of retrofitting innovation. Inclusive designs benefit not only 
marginalized people, but also all end users since everyone’s needs and preferences evolve over the course 
of their lives. 
While the rhetoric around ICTs is often steeped in determinism and inevitability, it is important to respect 
people’s self-determination with regard to technology use. This may mean supporting people in building 
their own platforms or being accepting in those instances in which people do not want to use technology 
at all. After all, technology is not the answer to all problems.
Information and communications technologies offer opportunities not only to personalize designs for 
individual users, but also to create links across these personalized contexts that facilitate large-scale 
collective action to transform food, land, and water systems. Responsible innovation and governance are 
necessary to ensure that technologies better serve a wide diversity of end users and promote inclusivity 
and equity in rapidly digitizing societies. 
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